The Vertebrate Story 




A revised and enlarged edition of^'Man and the Vertebrates" 



The 

Vertebrate 

Story 



By Alfred S. Romer 

Alexander Agassiz Fnjesior ej Zo$!o^ and Dsretlor^ Muieum oj 
Comparative Zoology, Hamard Untoersuy 


THE UNIVERSITY OE CHICAGO PRESS 



^■iiraT\ of Conp-eii Catalog Sumter 51S ll^S? 

The Umversity or Chicago Press, Chicago 37 
Cainbn{]ge UmverMlj Press, London, N\\ i, England 
The University of Toronto Press, Toronto 5, Canada 

® ^933\ 1939, 1941 1 0^3 ipS9 h Vmttrsily of Chicago 

Fourth Edition 1959 Second Impression 1960 Composed 
and printed by The UHivERsmf or Chicaco Press, 
Chicago, Illinois, USA 



Preface 


This book contains an account of the backboned animals, of 
the nature of the highlj \ aried tj pes from fish to men included ^vithin this 
successful animal gioup, of their structure, function, and i\avs of life 
Throughout, the e\olutionarv story is a leading theme, and an outline is 
gnen of their fossil historj , extending back over a period of several hun 
dred millions of jears There is, I trust, enough substance to the story as 
told here to make it of \alue to the student But I further hope that it mil 
be of interest to still other readers who may desire some acquaintance with 
their \ertebrate relatives and with the human pedigree, which is treated 
m much greater detail than that of other animal types 

The present work represents a radical metamorphosis of an earlier book 
of mine, ^^an and the Vertebrates, first published in 1933 and last revised 
m 1041 This included a much briefer account of the vertebrates and 
their evolution and, m addition, an account of human anatomj and em- 
bryology' on a comparative basis With the passing of the years it became 
obvious to me that revision nas called for On consideration, I deter 
mined to make the revision a very radical one The entire section on the 
human body — a third of the original work — has been discarded, and the 
story of the vertebrates as a whole is expanded to include a variety of 
topics of interest which had previously been omitted because of lack of 
space In this process much of the account was rewritten, so that more 
than half of the text is new The book is thus m great measure a nei\ n ork 
Further, while there are substantial chapters on human origins and races, 
the fraction of the work devoted to man himself is much reduced in its 
proportions The former title, with top “billing” given to man, is hence 
inappropriate and misleading, and a new name, indicating that our story 
is that of the vertebrates as a whole seems called for 

In the various editions of Man and the Vertebrates, I gratefullv ac- 
knowledged my indebtedness to numerous individuals and institutions for 
aid with both text and illustrations, despite the many changes made in the 
preparation of this new work, this indebtedness continues 
Various portions of the original work were read and criticized by my 
former colleagues at the University of Chicago, including Drs G W 
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Birtelmez, Merle C Coulter, Kalph W Gerard, Carl H Moore, H H 
Newman, H H Strandskov, and GriHith Taj lor Photographs for the 
original work were loaned In Professor G Bartelmez, Professor Slier 
man Bishop, of the Unuersity of Rocliciitcr and Dr George L Streeter, 
of the Department of Embrvology, Carnegie Institution of Washington 
Mr Llewelhn I Price contrihute<l a number of new illustrations, and 
!Mr Branden Grove aided m photographic work For illustrations m the 
present volume I owe further thanks to Professor Camille Arambourg, 
Dr Charles M Bogert, Dr Edwin H Colbert, Jlrs Isabelle Hunt 
Conant Dr Roger Conant Dr D Dwight Davis, Mr Harold V Green, 
Dr ^^llharaJ Hamilton, Jr , Dr Robert P Inger, Jlr G E Kirkpatrick, 
Dr Frederick Medein, Professor J Millot, Mrs Rachel N Nichols, Mr 
Clifford H Pope Air Michael Ramus Dr John T Robmsoti, Dr 
Charles E Snow Air R Van Noslrand, Mr Malker Van Riper, and 
AIiss Patricia ashcr and to the New York Zoological Societj , the 
Zoological Societv of Philadelphia, the American Museum of Natural 
Historj, the Clucago Natural Historj Aluseum the San Diego Zoologi 
cal Societa, the AIcGraw Hill Companv, and the W B Saunders Com 
panj Miss Nelda light lias aided verj greatlj m the preparation of 
the manuscript 

I am greatlv indebted to mj wife, Ruth Hibbard Romer, for her aid 
throughout tlie preparation of this volume 

Alfred Sherw ood Romer 

CaMBHIDGE MASSACniBETTS 

March 10 195S 
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CHAPTER 1 


Introduction 
to the Vertebrates 


It has been said that “the proper studj of mankind is man ” 
This IS, in a sense, true But, taken literally, the statement leads to an 
extremely narrow intellectual outlook To understand the meaning of any 
other natural phenomenon we try to place it in its proper setting, its rela 
tion to other phenomena in time and space There is no reason to treat 
ourselves otherwise Man does not live m a vacuum, has not come out of a 
void A fact of prime importance for an understanding of man is his 
position m the world of life, his relationships to other living things 
Man is a member of that senes of living creatures known as tJie verte- 
brates, or animals with a backbone, a group including not onh all the 
other warm blooded hairy creatures, to which man is closely allied, but such 
varied Ainns as irrnis, fepdf?e», /mgs and safematrden>, and &s}t<ss Thetc 
history is our history, and we cannot properlv understand man, his bod> , 
his mind, or his activities, unless we understand his vertebrate ancestry 
In the pages that follon we shall give a brief account of the backboned 
animals Throughout, ne shall pay attention lotheevolutionarv lines lead- 
ing m the direction of mammals and man, and at the end will discuss 
human evolution m some detail But we will, ne\ ertheless, note the ehar 
acters of the other types of vertebrates which we encounter in our progress 
up the vertebrate family tree Man may pride himself on his current 
dominance (if limited dominance) over the rest of the animal kingdom 
However, it is well for him to be aware that there are many groups of his 
vertebrate relatives which may lack his intellect but are even more highly 
endowed m other regards and live equally successful lives 

In this first, introductory, chapter we shall discuss the areas of scien- 
tific work and thought contributing to the storj which we wish to tell, 
we shall note some of the general features of vertebrate structure and give 
a brief account of what is known — or deduced — as to the origin of back- 
boned animals 



THE VEHTEHnATE STOEY 


SYSTEMATfCS-CLASSIFICATION 

In olden times the natives of a region knew the limited number of larger 
and more striking local animals hy names familiar to all the neighborhood. 
But with increasing communications between regions and the internation- 
al development of scientific work, this use of local “popular” names was 
not enough. Many animals lack A’cmacular names, and such names, when 
present, vary in meaning. Even within the English-speaking world, for 
example, we find that the European red deer is called the elk in America, 
and the European elk becomes the moose; to most of the world a sala- 
mander is an amphibian, but in Florida it is the burrowing rodent which 
the rest of the w’orld calls a gopher. Further, rvith the wide exploration of 
the world from the fifteenth cenlurj' onward, it not only became neces- 
sary to have some logical system of nomenclature for the varied animals 
constantly being discovered, but also, because of the immense numbers of 
them, to have some systematic W’ay of classifying them, of arranging them 
in categories so that the human mind could gain some broad picture of 
animal life as a whole. 

Our modern methods of scientific naming and classifying animals are in 
the main due to a great Swedish naturalist of the eighteenth century, 
Linnaeus. 

The basic unit in nomenclature is the species. How a species is to be 
defined has been, and will long continue to be, debated. Essentially, how- 
ever, it may be considered as an interbreeding population of animals 
whose members may differ in various individual regards but possess char- 
acteristics in common, setting them off from other populations of some- 
what similar character. Thus, for example, all domestic dogs have many 
common characters, although man, through breeding and artificial selec- 
tion, has created races of dogs as varied as the great Dane, bulldog, and 
Mexican hairless. Despite their indmdual race differences, all dogs can 
breed with one another (sometimes to the dismay of owners of pedigreed 
stock) ; they form a population which can properly be considered a species. 

To those familiar with mammals it is obvious that the wolves form a 
comparable population, similar but distinct and seldom breeding with 
dogs. Still other populations which can be considered as closely related 
species are those of the coyotes of North America and the jackals of the 
Old World. This series of closely related species is considered as forming a 
unit in classification — a genus. 

As to nomenclature, each species of animal is given two names, cast in 
Latin form — that of the genus followed by that of the species. Thus the 
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genus including the dogs and their close relatives is given the name Catiis; 
the domesticated dog specifically is Cants famtliaris, the coyote is Cants 
lafratis, and so on. One can use a generic term such as without neces- 
sarily specifying any one of the included species, but the specific name is 
never used alone. 

Higher categories in classification are needed above tlie level of the 
genus in order to show the similarities between animal types and, as v,e 
now realize, to indicate the degree of relationship between various groups 
Thus (to continue with our example) there are various sorts of foxes and 
tropical doglike or wolflike forms which are obviously related to the spe- 
cies included in Canis but not closely enough to be included in that genus. 
These can, however, all be included with the more typical dog relatives in 
a common family, termed the Canidae. (Family names are compounded of 
the Latin or Greek root of the name of a typical genus plus the ending 
tdae.) Similar in various regards to the members of the dog family are 
other animals, generally carnivorous in habits — raccoons, bears, cats, and 
so on. All these are considered as forming the order Carnivora. The carni- 
vores, together with all other warm-blooded, hair- or fur-bearing animals, 
form a still higher category, the class Mammalia. Again, the mammals, 
together with other backboned animals and lowly relatives, form a phylum 
termed the Chordata, a major subdivision of the kingdom Animaha. \Ve 
thus have, in classifying an animal or plant a minimum sequence, m 
descending order, of several terms — kingdom, phylum, class, order, fam- 
ily, genus, and species. In addition, further steps may be introduced into 
the classification by using the prefixes super-, sub-, or infra-, as in super- 
family, infraorder, subclass, etc.; the vertebrates proper, for example, are 
the subphylum Vertebrata of the phylum Chordata. 

\Yhen systems of classification were first established, they were regarded 
in general as merely a convenient sort of filing sj'stcm, animals with com- 
JBOZJ ifaJuras beixpg the same c&nipsriiscat. Bui with ihegejier^^l 

acceptance of the evolutionary theory in the last century, it became evi- 
dent that a classification, if based on fundamental structural features 
rather than on superficial resemblances, had real meaning in expressing 
the blood relationships of the forms classified. The species included in a 
genus have descended from a common ancestor; the genera within a fam- 
ily are more closely related to one another than to other animals. Evolu- 
tion thus proved a stimulus to workers in systematics, and study of the 
problems of relationships encountered by the systematist have contrib- 
uted to the development of evohitionarx* theory. 
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THE LIFE OF ANIMALS 

It is not enougli to name .an animal; we want to know evcrj’thing about 
him: what sort of a life he leads, his habits and instincts, how he gains his 
food and escapes enemies, his relations to other animals and his physical 
environment, his courtship and reproduction, care of his young, home life 
(if any). Some aspects of these inquiries are dignified by such names ns 
ecology and ethology; for the most i)art they come broadly under the term 
natural history. Many workers who may study deeply — but narrowly — 
the physiological processes or anatomical structure of animals are liable to 
phrase this, somewhat scornfully, .as “were natural history.” But, on re- 
flection, this attitude is the exact opposite of the proper one. No anatomi- 
cal structure, however beautifully designed, no phj'siological or biochemi- 
cal process, however inteicsling to the technical worker, is of importance 
except insofar as it contributes to the sursdval and welfare of the animal. 
The study of the functioning of an animal in nature — to put it crudely, 
how he goes about lus business of being .an animal — is in many regards the 
highest possible level of biological investigation. Mere laboratorj' study of 
the anatomy and physiolog}* of an animal tells us ns little of his true na- 
ture as would be the case if man were studied only in the medical school 
laboratories of anatomy and physiology, neglecting those aspects of liis 
nature and life that make up the larger part of a university curriculum. 

Much of the study of animal life has been in the nature of field obsei^’a- 
tion. But if, with regard to the creature’s activities, we ask why as well as 
wh.at, answers can often be found by experiment in field or laboratorj’. 
We may cite some homely examples; Is it the red rag that incites the bull, 
as popular belief would have it? (No; tests show that bulls are practically 
insensitive to color.) Birds fly south when the days grow short. Does 
length of daylight influence a bird’s activities? (Yes; that is why one sees 
the lights burning in chicken houses of an autumn evening.) Tadpoles turn 
into frogs at the time when the thyroid gland in their throats develops and 
becomes active. Is this a coincidence, or does the thyroid hormone ac- 
tually stimulate the change? (The latter, definitely; if tiny tadpoles are fed 
thyroid extract, they turn into tiny frogs long before their proper time.) 

EVOLUTION 

The story we are to tell is essentially an evolutionary one. We will be 
concerned mainly with the facts of the case, but one’s thoughts naturally 
turn to the problem of how these many marvelous changes and adapta- 
tions seen in vertebrate history have been brought about. A full discussion 
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of problems of evolutionary theory would take a volume in itself, but we 
may here give the bare outlines of the situation. 

Philosophers and other non~sdentists have often suggested that evolu- 
tion may have been due to some superaatural agency or some mysterious 
“drive” within the animal itself. No one can prove, of course, that this is 
not the case. But as scientists we attempt to explain the phenomena of 
nature in terms of natural laws before resorting to supernatural inter- 
pretations. 

The first attempt at an explanation of the causes of evolutionary 
changes was made by Lamarck at the beginning of the last century. He 
suggested that the changes brought about in an individual’s body during 
his lifetime might be transmitted to his offspring. A blacksmith’s sons, 
says this theory, are liable to have stronger arms because of their father’s 
use of his muscles; the giraffe’s short-necbed ancestors, by continually 
reaching upward into the trees for higher leaves, produced descendants 
with longer necks. This is a plausible theory, but it failed of acceptance; 
to this day, despite much research, there has never been found any evi- 
dence that what an individual does during his lifetime has the slightest 
effect in producing related changes in his offspring. 

Half a century later Darwin gave an answer to the problem which has 
proved much more acceptable and which, with various additions and 
modifications, is the basic element in modem evolutionary theory. He 
pointed out that individual variations constantly occur, apparently more 
or less at random, within a race or species, and that many of these varia- 
tions are inheritable. Man has been able, by selection among variants, to 
produce marked changes in domesticated animals and plants Selection 
also occurs in nature, if more slowdy. Only a fraction of all the animals that 
are born or hatched sundve to maturity and reproduce. Given variation 
among these individuals, it is clear that those with advantageous varia- 
tions are the ones most likely to survive. By a process of natural selection, 
those best fitted generally triumph in this constant struggle for existence. 
Each advantageous variation may be small, but over the manj’- millions 
of years of geologic time, major evolutionary changes are brought about. 

In Darwin’s day nothing was known of the nature of hereditarj* mecha- 
nisms or of the causes of variation among individuals. Today, the science 
of genetics has given us a clear understanding of inheritance and consider- 
able knowledge of the origin of variations. It was once thought that in- 
heritance was a sort of general blending process, the offspring splitting the 
difference between the sum of the characters of the t^\o parents. Now this 
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IS known not to be the case E\crj indnidual — m fact, every cell of everj 
induuhnl — has some thousands of discrete units, termed “genes “ The 
form of eacli new mdiMdual is determined — aside from environmental 
shaping — bj the genes inherited from his parents Each gene inaj affect 
the development of a number of structures or parts of a body, convcrselj , 
e\erj organ is affected m its dc\clopment by a considerable number of 
genes Each individinl contains genes in pairs, one <leri\ed from cither 
jiarent, and he in turn passes on to his offspring one gene from each pair 

A given gene, however, riots not alvvajs work in c\actlj the same fash- 
ion , it mav V arv Let us assume, as an example, tliat in a certain mammal 
a gene associated w ith ej e color customanlv vv orks to produce brown e> es 
There mav , however, crop up blue ejed individuals, a change, a mxtialwn, 
has occurred A gene mav be conceived of as a large and complex molecule, 
presumably there has been some slight change in its chemical composition 
Such mutations are known in many cases to be brought about by radia 
tions of various sorts or by action on germ cells by chemical agents, the 
effects produced on the offspring appear as random variations, for better 
or for worse, quite indiscriminately and (contrary to tlie Lamarckian be- 
lief) without anv relation to the life led by the parents Mutant genes often 
produce detrimental characters and mav be rapidly eliminated from the 
race Manx, however, linger on in individuals, giving to the species added 
variability upon which selection mav act 

e hav e there, then, mechanisms of hereditv and v ariation suitable for 
the working o! natural selection as Danvm conceived of it But modern 
studies, with genetics as a base, show that the evolutionary process is 
much more complex than he imaginetl Be mav note, as an example, that 
with genes present in pairs in an individual, if one member of a pair is a 
mutant, tending to produce a result different from that produced bv its 
more normal team-mate, there will be a conflict of interests, and one will 
tend to dominate over the other in the structures or functions which it 
controls It is obvious that selection can act readily on a dominant gene, 
since the characters which it produces are present whenev er one member 
of a gene pair is of this nature, but can have no influence over the 
“weaker” of such a pair of genes — technicallv termed “recessiv e” — wheth- 
er its effect be good or bad, unless by chance both members of the pair 
of genes concerned are of the same recessive nature 

THE FOSSIL RECORD 

An excellent line of attack on the history of living things lies m the 
domain of paleontology, the study of fossil animals Comparative anat- 
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omy, studies of function, and embiyology may enable us to deduce prob- 
able relationships and hypothetical ancestors. But it is infinitely more sat- 
isfactory to find, if we can, the concrete remains of the ancestors them- 
selves in the record preserved by rocks laid down in past ages of the earth. 
While the greater emphasis in this book wdll be placed on living animals, 
fossil forms will receive a fair share of attention After all, living animals 
are but a small fraction of all that have ever lived, and the hosts of ani- 
mals which preceded and gave rise to those living at the present moment 
cannot, in all fairness, be excluded from our survey. 

For many forms of life the fossil record is none too satisfactory. Plant 
tissues are in great measure soft structures which are comparatively sel- 
dom fossilized, and, although we have considerable knowledge of the 
evolution of various types of trees, much of the botanical story cannot be 
confirmed by direct fossil evidence Among the animals lacking a back- 
bone there are a number of groups which have shells or other hard parts. 
Of these we have abundant records. But most of the important connecting 
links were apparently soft-bodied creatures which are rarely preserved ns 
fossils Further, the history of many invertebrate groups has co\ered a 
vast stretch of time, and the older rocks which should contain the early 
chapters of the story have been lost from the earth’s crust or so much 
modified by crushing or heating that the fossil story they once carried has 
been obliterated. 

With the backboned animals paleontological inquiry is much more 
fruitful, for several reasons. Almost all vertebrates have hard skeletal 
parts — bones, armor plates, or teeth — capable of fossilization Further, 
vertebrates are a comparatively modern group. Our kno^sn history 
stretches back less than half-a-billion years This (w’hile a rather good 
stretch of time) is but a fraction of the known history of the earth, and for 
all this time ue have available for study numerous series of fossil-bearing 
rocks. 

The study of fossils is a comparatively new branch of investigation. It is 
only within the last century and a half that fossils have been generally 
recognized to be the actual remains of once living creatures rather than 
freaks of nature of some kind. It \vas not until tlie general acceptance of 
the evolutionary concept in the middle of the last century that their im- 
portance as ancestors of living animals was realized and a serious study of 
extinct forms begun. Today we have a fairly good outline of the lines of 
descent of many groups of backboned animals, but none is absolutely 
complete. There are many gaps, manj’ |>erpiexities. It is obvious that i\e 
shall never fill in every little chink in this historical structure, for it is quite 
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improbable that wt shall c\ er find the remains of all the countless animals 
that have inhabited the earth But jear bj jear neu fossils come to light 
Inch help fill the blanks in our puzzle Wc ha\ e alrcadv progressed far in 
our studj of the eaolution of a ertebralc life in past ages, and it is not too 
much to hope that, in the not too distant future, wc niaj have a well- 
rounded picture of all the mam points m the past history of our v erlebratc 
ancestors 

A brief mention of the tj pe of work done by tlie student of fossils may 
not be amiss The av erage museum v isitor w ho sees a mounted skeleton of 
an extinct animal has little idea of the great amount of work which lies 
back of this exhibit Fossil bearing rocks of anv particular age are exposed 
onlv in scattered districts of the cartli, and long trips are often necessarj’ 
to reach them Then, too, rocks must lie not onlj present m a region but 
must be exposed at the surface This means that most collecting must be 
done in treeless, grassless, sparselv settled, and regions such as the deserts 
of our own est, those of Mongolia, or the Karroo Desert of South Africa 
“Bone-hunting” is not llie most comfortable of occupations, even in good 
deposits, fossils maj bo verv Iiard to find, and there mnj be mans weary 
dajs of fruitless tramping over barren rocks before the collector finds a 
specimen worth excavating 

Then the work begins If the find is of value, everj piece must be re- 
moved with care and its position noted Broken bones are often bandaged 
and plastered as carefiillv as a broken human leg, so that the fossil maj 
not become irreparablv shattered The specimen is carefullj packed to 
prev ent damage on its long trip back to the laboratory , where work con- 
tinues The rock surrounding the bones must be removed (often it is ex- 
ceedingly hard), all broken pieces cemented together and their positions 
determined, and, finally , the whole skeleton mounted The mounting of a 
dinosaur mav take years, and even some specimens no larger than a man’s 
fist may be so delicate that months may be spent in preparing them 

Parallel with the laboratory work on the skeleton goes, in the case of 
new or rare forms, the study of the bones as thev are prepared and the 
determination of the anatomv of the creature and its proper position m 
the family tree — sometimes a task of difficulty in the case of strange new 
forms 

Parenthetically , w e mav mention the popular belief that the paleontol- 
ogist often restores a fossil animal from one toe bone A century ago it w as 
thought that if (for example) one found the body of an animal built like a 
horse, but with the legs missing, one could assume that the creature had 












An enemy of the ancient verte* 
brates Id Silurian deposits arc 
often found the skeletons of Eu 
ryptends predaceous water*dwcll 
mg arachnids related to the scor 
pions and the horscsh6c crabs 
Pterygotus si own here reached a 
lengtli of Cj feel whereas most 
of the fisl es then w ere but a few 
inches in length (trom Clarke 
and Ruedemann ) 




Sea squirts Hembersofthlsprlmltl^echordategroup knownasascidians ortunicates are found attached 
to rocks or other objects m marine waters Upper left part of a colony of tin> tunicates (ilolgula man 
kattensu) growing on a wharf pile liight a model to show the internal anatomy ^^ate^ u brought in 
through the opening at the top strained through an apparatus corresponding to the giUs of vertebrates 
and expelled through a lateral orifice Food particles pass down into stomach and mtestme The nervous 
system consists only of a small ganglion from which Der\e fibers radiate (Photographs courtesy tmencan 
Museum of Natural History New^ork) 


The larva of a sea squirt (Botryllua) (belenti) About 90 times natural size This tmy animal contains m 
the large head most of the structures found m the adult The tail contams a ner\ e cord and notochord 
visible in the photograph After swimming about for some time the head attaches the tail is resorbed 
and the adult tunicate develops (Photograph copyright General Biological Supply House Chicago ) 
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hoofs But — to follow this particular case — -it was found that some such 
creatures (chalicotheres, chap 13) m reality had feet armed with huge 
claws with which to dig up roots Paleontologists have become chastened 
and more conserv ativ e Parts of skeletons are restored in plaster in almost 
every fossil specimen, for few finds are absolutely complete, but, except 
for minor features, all work of restoration is based on our knowledge of the 
bones concerned in other specimens of the same or closelj related tj pes 

The scientist as well as the lay reader is curious as to how these old 
animals would have appeared and acted when alive and m the flesh, and 
numerous hfe-restorations of fossil animals have been made, a consider- 
able number of them are shown m the present work 

Some of the restorations w hich we see in the Sunday supplements are 
caricatures which never existed except m the artist’s imagination, but 
many of the more carefully prepared restorations probably give us a fair 
approach to the actual appearance of the forms thej portray From the 
skeletons we get many clues as to the posture of the body, the stjle of 
walking, the bulk and position of the muscles which give the major con- 
tours to the body Of the skin we know comparatively little, and m col- 
ored restorations the pigment given the skin is a guess, although based 
whenever possible on the colors assumed by living relatives of the animal 
or forms which lead similar lives 

In order to use our knowledge of fossil fomis effectively we must hava! 
some idea of the comparative times of their appearance and disappearance 
as measured by the scale set up by the geologists A ver^ considerable 
portion of the scientific work done in the field of geology has been devoted 
to the study of the comparative age of the various lasers, or strata, laid 
down m the seas or lowland regions of the world m ancient dajs On the 
basis of these studies has been erected a senes of subdivisions of world- 
history, an outline of w hich is given in the accompanying table We can- 
not, of course, tell the exact length in years of any of the geologic units, 
but the figures indicated are fairly good “guesses,” based on such data as 
the thickness of the rocks formed during anv particular period of the 
earth’s history and the present degree of decomposition of radioactive 
minerals laid dow n m them The major subdiv isions of the earth’s history 
are known as “eras ” These are divided into “penods,” which mav be 
further subdivided into “epochs ” With this last tjpe of division we shall 
be concerned only in our later study of mammalian evolution (chap 11) 
W'’e shall have nothing to do with the first two of the five great eras in 
the known historj of the earth, the Archeozoic and Preterozoic, for al- 
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though there must hi\e been much life in the form of plants and lower 
animals, our records of tliem are xer^' poor, and \ertebrates are rpnle un- 
known 

Our interest m this sforj begins m the thirtl era, the raleo7oic, or time 
of ancient life In the Cambnan, first jicnod of this era, almost all in- 
\crtcbrate groups abounded, but \erlebrates were still unknown In the 
following OrdoMcian period are found rare fragments of sertebrates, and 
toward the end of the Siluri'in period we meet for the first time with good 
skeletal remains of carl\ walcr-liMng, inckboned animals 
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The Devonian period, next in order, is often called the Age of Fishes, 
for these primitive v'ertebrates had by then become diversified and abun- 
dant. Here too we meet with the remains of the oldest-known land dwell- 
ers among vertebrates, the first amphibians. In the Carboniferous period 
(often divided into two periods, Mississippian and Pennsylvanian) am- 
phibians had reached the peak of their development, and the first reptiles 
are encountered. The Permian, last of the Paleozoic periods, witnessed a 
decline in the amphibians and a beginning of the story of reptilian diversi- 
fication. 

The Mesozoic era is often called the Age of Reptiles, for it was during 
this time that there flourished many reptilian types now extinct. Most of 
the interesting dinosaurian and other groups had their origin in the Tri- 
assic. At the end of that period appeared the first of the mammals, des- 
tined to remain inconspicuous, however, during this era. In the Jurassic 
the reptiles appear to have been at the peak of their development, while 
from them had evolved the oldest-knomi birds. The end of the Cretaceous 
period marked the extinction of the great reptilian dynasties. 

The Cenozoic, terminating with present limes, is a comparatively short 
era, but one of great importance, for it was during this time that there took 
place the interesting evolutionary history of the mammals, and man him- 
self appears in the final stage of Cenozoic history’. 

GEOGRAPHICAL DISTRIBUTION 

No vertebrate is ubiquitous All species are restricted in their area of 
distribution Many factors are involved — the presence or absence of food 
or enemies, for example, proper conditions of temperature, and other cn- 
\ironmental factors. Still further, the general topographic relations of the 
land masses and oceans of the globe often set sharp bounds to the poten- 
tial range of a species. 

On the whole, the distribution of marine vertebrates has less restrictions 
placed upon it than is the case with land or fresh-water forms. The tem- 
peratures of ocean w’alers, even at the surface where directly exposed to 
the sun’s rays, varj’ much less, north and south, than do those of the land 
areas, and many fishes of the Atlantic and Pacific range w idely over much 
of the extent of those oceans. South America and Africa do not extend 
nearly so close to Antarctica as do the northern continents toward the 
North Pole; hence in the south there is relatively free communication be- 
tween Atlantic, Indian, and Pacific Ocean areas, whereas fishes of the 
northern temperate Atlantic and Pacific must pass through the cold 
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Arctic to pet from one ocean to the other There is, how c\ er, much ^ aria- 
tion in fish habitats in relation to water dcptlis and distance from land 
The small plants and animals which form the basic food supply of fishes 
and other marine \crtebratcs are more abundant near the shores wliere 
useful mafernls — partieularlj, nitmtos and phospliatcs— are poured out 
from the land bv ruers, and the inxertcbrates, found abundantl} on the 
bottom of the shallow er ocean areas, are a fax orite fish food Hence there 
is a great concentration of fish life m coastal waters Farther out, in the 
high and deep sens, food supplies — and conserpicntl^ fishes — arc much Jess 
abundant, cxen at the surface And the depths of the seas, although in- 
habited, are but spnrseh populated Life is xery difiiciilt Pressures in the 
deeps are immense but do not greatlx' interfere with life, as long as the 
animal docs not xcnliire far upward or downward How ex or, food is to be 
found onlj as it descends from aboxe, it is alwaxs bitterlx cold, and there 
IS absolute, utter darkness 

Turning to land areas, here, loo, climatic and ecological factors arc of 
great importance Temperature not onh afTects xerlchralc life directly 
but is cxen more imiiorlant as afTecling the nature of tlie xegetation that 
IS the basic food supplx Elcxation aboxe sea lexcl is, of course, in itself 
important, causing m southern mountains “islands” of life resembling 
those of more northern lowlands And rainfall is, on the whole, exen more 
important than temperature m determining the amount of xegetation 
grow ing m a gix en region and hence its polentiihty for supporting animal 
life 

We lix e todax at a time m the earth’s historj when there is a x erj sharp 
temperature gradient between xerx cold polar regions and hot tropics In 
northern continental areas one can distinguish a series of life zones or 
bands running from north to south, each w ilh its charactenstic fauna — the 
nearlj barren Arctic tundra, the cold exergreen forests, temperate zones 
of deciduous forests, grasslands and wastes, hot subtropical and tropical 
regions, grading from dense ram forests through sax annas and grasslands 
to drj deserts In the Southern Hemisphere much of the zonation is re 
peated in rex erse order, except that (apart from ice cox ered Antarclica) 
land stops too far from the pole to show an^ great dexelopment of the 
colder life zones 

Topography is more important in defining xertebrate distribution on 
land t ha n m the sea Continental relations are of major importance, but 
before discussing them, we may note two specific problems of smaller 
scale — the distribution of fresh water fishes and the nature of island 
faunas 
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A typical flying bird has few topographic difficulties in attaining wide 
distribution; in complete contrast, a fresh-water fish has the hardest prob- 
lem to solve in becoming widely distributed, for it is not at home either on 
land or in the sea. If a species of fish evolved in the Mississippi River sys- 
tem, for example, how can it enter other systems of the Atlantic coast or 
the Pacific — or even another river emptying into the Gulf? Some stream 
inhabitants can enter salt water briefly and thus make short coastal mi- 
grations, but many fresh-water forms lack this potentiality. There are 
occasional possibilities. Two rivers may (but rarely do) have a connection 
near their sources In the course of geological history one stream may 
"capture” the headwaters of another — and capture its fishes with it. By 
an outside chance a fish egg might stick to the muddy feet of a bird in 
cross-country flight. And there are verified accounts of "rains of fishes,” 
where small fish have been swept up by a tornado and carried for many 
miles. These are all most unlikely events And yet, such fishes have often 
become distributed over wide areas The pike, that abundant fish of 
northern lakes, does not appear to be a fish type of unusual antiquity, but 
it has successfully spread over the entire Northern Hemisphere. 

Islands separated from mainlands by stretches of sea water usually have 
some sort of fauna, large or small, of terrestrial vertebrates How have 
these been acquired? If the island is near shore or separated only by shal- 
low's, the problem is not too difficult Most land animals can swim for at 
least short distances. Fluctuations in sea levels are knowm to have oc- 
curred m recent geological times, so that in many cases it would have been 
possible to reach areas that are now islands without suffering even wet 
feet. 

But with islands distant in the oceans the problem is more puzzling. It 
seems certain that most of them have never had any connection with a 
continental area. Yet in the case of the Galapagos Islands off the w estern 
coast of South America, for example, where we have islands lying the 
better part of a thousand miles from the coast of Ecuador, we find, peace- 
fully at home, large tortoises and iguanid lizards that are purely terrestrial 
in nature. Their presence there is little short of a miracle. 

One of the few possibilities for such an “outside chance” of migration 
having occurred lies in their having been landed there aboard a raft — a 
natural one, we must hasten to say. In river systems flood waters on occa- 
sion bring together a tangled and compact mass of trees and bushes, along 
W'ith a freight of small animals. Such rafts, with li\'ing cargo, have been 
seen as much as a thousand miles out at sea and, barring storms, may float 
on indefinitely. The chances that a particular animal should board such a 
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raft and that this Noah’s Ark should make a successful landing are ex- 
tremely small. But given enough time, the almost impossible becomes the 
almost certain. 

Turning now to large-scale distribution, the arrangement of the great 
continental areas, together with associated temperature differences, led a 
century ago to recognition of the fact that the wliole w’orld can be reason- 
ably divided into some siv major geographical regions. There is no abso- 
lutely sharp division betw ecn the faunas of these areas, but in a broad W’ay 
each region has its characteristic fauna, differing markedly from that of 
other areas In tlie Northern Hcmispliere lies the great Eurasian land mass 
and, separated from it by a narrow* and shallow strait, the North American 
continent. Pendant from these northern areas are the three southern con- 
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Temperatures as Tsell as continental boundaries, hoTve\er, enter the re- 
gional picture, and in the Old World there are two distmctne tropical 
zoogeographic regions South of the great mountain chain of the Hi- 
malaj as, m India and extending eastward into China and southeast to the 
Jlalay region and the nearer East Indies, lies the Oriental region Here is 
a fauna markedly different from tliat of the Palearctic, any reader of the 
literature on this region w ill readily recognize the distinction in the pres- 
ence of such animals as the tiger, elephant, numerous monkeys, tlie orang 
utan, and so on Africa likewise has its distinctive tropical fauna This re- 
sembles to some degree that of the Oriental region with elephant, mon 
keys, and great apes, although of different l> pes The African fauna, how 
ever, is on the whole a more nch and varied one, having especiallj a great 
varietj and abundance of antelopes This is the Ethiopian region Its 
boundaries do not exactly coincide with those of the African continent, for 
the jNIediterrauean shores have a fauna closer to that of Europe than to 
the tropics south of the Sahara, and Arabia, although essentially a transi- 
tional region, :s on the whole closer faunally to Africa than to the other 
Old World regions 

Even more distinctive are the other two southern continents South 
America (with Central America thrown in for good measure) is the Neo 
tropical region It is connected by an isthmus with North America, but 
the passage is a narrow one, and we know that it has not existed long 
geologically In consequence we would expect — and do find — that its 
fauna differs greatly from that of North America A small proportion of 
its animals, from deer to mice, aie like those of the north But it has a 
whole senes of rodents of unique types and a large population of monkeys, 
very different from those of other continents Most distinctive of all are 
the So called edentates — tree sloths, armadillos, and anteaters These con- 
stitute an entire order of mammals not present in other regions 

Most isolated of all regions is the Australian Apart from bats m the 
air and seals on its shores, its mammalian population (extending to the 
New Guinea region) is unique The onlj ‘‘higher” land mammals in its 
population are rats and mice of a rather special sort Most remarkable of 
all inhabitants are the only two egglajmg mammals m the world, the 
duckbill and the spmv anleater Nearly as distinctive, and forming the 
bulk of the mammal population, is a host of pouched mammals — mar- 
supials — which are unknown elsewhere except for the American opossums 
and one or tw o obscure South Amencan forms 

There are many curious examples of discontinuous distribution of am- 
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mal pcs in tlicse different regions Jn , /or evamplc, are tapirs found in 
the Malay region and South Aincnca but in no inter\ening region’ \Miy 
are the onlj rcKln es of the camch of the Old orld deserts to be found m 
the ll'im'is of the South American Andes’ The answers, surelv, are to be 
found m the past histoi j of the continents and their connections Some of 
the .attempts to soUe <listributionnI problems in this fashion, ho^e^er, 
ha\ e been rather on the nnT\ e side For cxamfile, to explain similarities be 
tween the fresh water fishes of South America and Africa, a land bridge 
has been assumed to ha^ e once been present between the tw o continents 
But in man\ other regards African and South American faunas art aerv 
different ^^hnt sort of a land bridge could there have been over which 
most animals could not travel but with streams m which fresh water fishes 
could swim hnppilv’ ^^e^c tliere “no trespassing” signs’ If all the hvpo 
thelical land bridges conceived of bj various authors were plotted on one 
map, thej would probably form a spider web enss crossing the oceans 
Actuallv, for at least the extent of the Cenozoic era — the Age of !Mam 
mals, some 70 million jears or so back from the present — most problems 
of distribution can be much more simply solved by assuming tliat land 
masses have long been m much their present shape, with an occasional 
make and break of continental connections, but that, however, there have 
been climatic ciianges during this time 

Throughout this period the northern continents ajipcar to have formed 
essentially a single broad east west land mass At times (as at present) 
there has been a break between Siberia and Alaska, so that for a while 
evolution went its own way tn the two northern regions — this accounting 
for some of the differences — but for much of the time the entire Holarctic 
area was a unit, thus accounting for the many similarities between the 
faunas of Eurasia and North America 

During early Cenozoic times cbraales appear to have differed greatly 
from present ones Then, it would seem, the Arctic was less cold than now, 
the tropics less hot, and much of Eurasia and North America was a pos 
sible, pleasantly warm habitat for animals which cannot withstand the 
present northern winters In consequence the Holarctic region was once 
the home of many animals — from various fishes to tapirs — now absent 
from these areas and present only m the sheltered warmth of discrete 
tropical regions 

From the great northern land masses the southern continents hang like 
pendants the connecting links have had a variable history Africa may 
have been separate for a bit in early Cenozoic dav s, so that certain mam 
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inal groups — elephants and conies — ^may have developed in isolation 
there. But for most of the era it has had good land connections with the 
north and is now the home of many animals whose ancestors roamed Eur- 
asia in climatically happier times but were driven south by the colder 
weather of the late Cenozoic. 

The history of South America has been more distinctive. The North 
American connection existed, it appears, at the very beginning of the Age 
of Mammals but was shortly afterward broken, so that only a few forms 
had entered. In isolation there developed a very distinctive fauna of mam- 
mals. Finally, at about the beginning of the Ice Age, a million or so years 
ago, the bridge was re-established Various northern animals (such as 
Hamas) entered, and much of the native fauna perished. Others, however, 
survived, such as the native rodent and monkey tj'pes and, especially, the 
sloths and other edentates. 

Still more isolated has been Australia. The evidence suggests that this 
region has been separated from Asia for the entire course of the Cenozoic. 
Before that, egg-laying mammals and pouched relatives of the opossums 
were present but none of the higher mammal groups. Some rat and mouse 
types finally reached Australia by gradually migrating down the East 
Indies, but othei^vise the native fauna developed in complete isolation 
until the coming of man. 

Back of the Cenozoic our knowledge of continental areas and faunas is 
much less complete. Since these more ancient limes are of relatively little 
importance m regard to the modern picture, in which we are primarily 
interested here, we will mention them but briefly. Very likely the basic 
geographical and climatic picture for much of the Age of Reptiles, the 
Mesozoic, was not too dissimilar to that of the early Cenozoic. But, still 
further back, toward and to very ancient Paleozoic days, the world may 
have been very different. The more conservative geologists believe stoutly 
that the continents and poles have been as they are today since the earth 
began. But such facts as the great Paleozoic glaciers in Africa and Aus- 
tralia suggest that the earth may have once spun on a different axis than 
the present one, and there is, further, some evidence that the great con- 
tinents are not as stable as they seem but may have, over long eons of 
time, shifted their positions. We shall later mention one of these heretical 
ideas but W’ill for the most part carefully shun these areas of controversy. 

DEVELOPMENT 

The development of the individual from a seemingly simple egg to the 
highly complex adult organism is one of the most important of biological 
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phenomena We slnll not be concerned in this volume with the details of 
emUrvologicil processes, but some of the major features of development 
are significant m tracing the relationships and evolutionarj hislorj of ver- 
tebrate groups For example, reptiles, as we shall see, ev oh ed a shelled egg 
with a large amount of v oik, and the cinbrj o dev eloping in it grows a com- 
plex series of membranes around itself The egg of a t\ pical mammal is, in 
contrast, a tinv structure, but its ancestors once had an egg of reptilian 
t\ pe, as IS show n b\ the fact that the embrv o dev elops a similar senes of 
membranes, even including, rather absurdly, a volk sac — although an 
einptv one 

In the earlv daj s of the studv of animals from an ev olutionarj point of 
view, an enthusiastic German, Haeckel, claimed that higher vertebrates 
in earlv dev clopmental stages resemblc<l members of low er classes, during 
the earlv dev elopment of man and other mammals, for example, there is a 
tune when the embrv o passes through a fish stage, with gills and so on 
The embrv o, so to s|>cak, climbs its own famiK tree Ihis, liowever, was an 
overstatement of the case Mammal embryos do have fishhke features at 
one stage but thev resemble, not adult fishes, but fish embrj os Desjnte 
this necessarv qualification, the studv of embrv os does afford interesting 
indications of relationships, siinilanlies in earlv development between 
various organs and structures which differ greatlj m the adult forms fur 
nisli strong evidence of cvolutionarv changes For example, everj mammal 
has inside its eardrum three little bones which aid in sound conduction 
Studv of embrvos, however, shows that these linj auditorj ossicles are 
identical in nature with much of the jaw apparatus of such a lower vertc 
brate as a shark, and this conclusion, first reached on the basis of the 
studv of embrvos a centurj and more ago, has over the vears found com 
plete confirmation through the studv of fossils 

Among V ertebrates w hich produce large v olked eggs or bear their oung 
alive — sharks and skates, reptiles, birds, and mammals — the offspring at 
hatching or birth are genenllv small replicas of the adult, and are soon 
able to liv e, m modest fashion, somewhat the sort of life enjoj ed bv their 
parents Not so among manv fishes and amphibians The eggs are of small 
to minute size and contain little yolk on which the embrv o can grow As 
a result the joung when hatched are m general too small to live as the 
adults do, to oat the same sort of food, or to escape enemies in the same 
fashion In consequence the joung of manj of these forms are adapted to 
liv e for a time in a manner quite different from the mature form, and they 
are frequentl> verj different m appearance and structure Such a form is 








A comparison of veilebrale em* 
bryo* Ahore left five embryos of 
approximately the same age a 
shark {MusUlui) a salamander 
iCrffptobranchus) a chick a rat 
and a man All ha%e the same 
structural features but there are 
vanations m pattern Ja most the 
yolk IS contained in a sac which 
has been remo>ed mthesalaman 
der figured the yolk expansion 
of the gut IS however preserved 
Rat and human embryos are verj 
similar although the specimen of 
the latter is somewhat more ad 
vanced (Photographs from De 
partment of Anatomy University 
of Chicago courtesj G Bar 
telmez ) Lourer left (seen from 
above) ear! er cmbrjos of chick 
and rabbit The dark mass at the 
front (upper) end is the brain 
which grows precociously Farther 
back the spinal cord lies m the 
midhne on either side blocks of 
tissue (mesodermal somites) from 
which muscle and skeleton arise 
(Photographs cqj^Tighl General 
Biological Supply House Chi 
cago ) 




Humon embryos In their membranes /((orr, two earlj embryos seen from the upper surface Left, an em- 
bryo of about S weeks, show mg bllle apparent differentiation of structure At tlie back end is the 
bod} stalk through which the embryo is attached to the surrounding chorion Abore right, a similar mcw 
of a 4 w eek-old embrj o The body fias growm out greatl> anteriorly, i c , to the right, w here folds of nervous 
tissue are forming the brain and the spinal cord on either side arc somites of mesoderm 

Delete, side Mews of two early embr>os Left, an embryo of Sj weeks right, the same embrjo of 4 
weeks shown abo^e At the left m both cases is the bodj stalk The embrjos arc surrounded aboie 
and at the sides b} the translucent amnion Beneath is the large (but near)} cmpt>) }olk sac (Embryos 
from the collections of the Department of Anatomy. University of Chicago, photographs courtesj Dr 
G \\ Bartelmez ) 



An album of human embryos (opponte) A senes from about 3| weeks after fertilization to about S 
months The youngest stages are very similar to those of other mammals, only gradually do distinctive 
human features appear Noticeable during the second month is the relatively enormous growth of the 
bram The limbs appear relatively late The earkest stages show a distinct tad At first the active heart 
projects prominently from the chest A body stalk at the ngbt gradually narrows to form the umbilical 
cord The embryos are shown of the same absolute size to facilitate comparison, there is however, great 
growth dunng this period The smallest shown is actially about xV ‘“ch the last about 2i mches 
long (Embryos m the collections of the Departmmt of Anatomy, University of Chicago photographs 
courtesy Dr G Bartelmez ) 











Pig embryei A senM of 14 specimens ranging from about 2} to C necks after fertilization about twice 
natural size The first half dozen specimens are closely comparable to the earlier members of the human 
senes shown on the pages following (much more enlarged) in the older specimens however pig features 
gradually emerge (Photographs copyright General Diological Supply House Chicago ) 


Human embryos in the uterus Left an early embiyosurrounded by membranes and lying m the uterus 
or womb of the mother The spongy tissues at the bottom are the maternal tissues of the uterus closer 
in toward the embryo are rather loose tissues wb ch later fuse with those of the mother to form the 
placenta through which nourishment reaches the growing embrjo The tiny embr>o is mclosed m a 
water filled sac — the amnion Right a later stage (about 7 weeks) with the amnion cut open to show the 
embryo The embrjo is connected with the outer tissues by a body stalk which later narrows to become 
the umbilical cord (From Carnegie Inetilution PuMicofioiis in Embryology ) 
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termed a “larv'a.” After the larva has lived for a period (weeks, months, or 
even years) and attained a fair amount of growth, it changes markedly in 
structure and habits — the process of “metamorphosis” — to become an 
adult. The most familiar larval form is, of course, the frog tadpole, 
which differs notably from the adult in such obvdous features as its 


swimming tail and lack of limbs and differs equally greatly in internal 
structure. Salamanders have a comparable aquatic larval stage, although 
the transformation is less radical and less rapid. Lampreys have a larval 
form very different from the adult and, as we shall see later in this chapter, 


so do some of the lower chor- 
date relatives of the verte- 
brates. The teleost fishes whicli 
constitute the vast majority 
of modem fish types, lay very 
tiny eggs and hence produce 
very tiny young. In many tel- 
eosts there are lar%'al forms 
very different from the adults. 
In a number of cases the 
young are little translucent 
leaf-shaped animals that one 
cannot correlate with tlie adults 




unless the intermediate stages At Ihe left, the tmy larva of the oceanic sunfish(J/ofa}, 
are known Again, as shown in aduJt. of very different proportions and 

. n .1 many thousands of tunes the larval size (After Nor. 

an accompanying figure, the 
marine sunfish are, as adults. 


enormous slab-sided fishes, the larva, however, is a little spherical ball of 


a fish, covered with spines which help to protect him from becoming a 
morsel of food for some fish cousin. 


Normally, only a small fraction of an animal’s life is spent as a larva. 
But in some cases (some fresh-water lampreys, for example) most of its 
life is spent in a long drawn-out period as a larva, and although it clianges 
eventually into adult form, it does little afterward except reproduce and 
shortly die. In other cases (some salamanders are good examples) an ani- 
mal may, a la Peter Pan, refuse to grow up and, e.xcept that its reproduc- 
tive organs mature, remains a larx'a all its life — a situation termed 
“paedogenesis.” 

If this condition long persists in the race, the potentiality of ever as- 
suming adult form may disappear from its germ plasm — the animal has. 
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so to speak, forgotten liow to grow up And — a disturbing but \ery inter- 
esting thought — if e\ olutionary changes were to take place in the descend- 
ants of an animal of this sort, the direction of e%olution would be a new 
one, starting from the structure of the one time larva, with the forgotten 
ancestral adult completely wiped out of the picture It is possible that 
evolution through the development of paedogenetic forms has plajevl an 
important part in animal historj And it is not unlikely, as we shall see, 
that the whole vertebrate storj maj liave had its start m this fashion 

VERTEBRATE STRUCTURE 

^Miile we shall not enter into the complicated details of vertebrate 
anatomv, the storj of vertebrate evolution and classification is based 
mamlj on morphological features, and wc shall merelj note the broad out 
lines of basic vertebrate structure, to which details maj be added here and 
there later as necessary 

An obvious basic fact is that vertebrates are bilaterally sjTnmeIncal 
animals, with one side the mirror image of the other This is important, for 
it implies (as m the case of some highly developed invertebrates) that 
V ertebrntes are activ e animals, whereas forms which hav e radial sy rametry 
or little sv mmetrv at all — such as corals, starfishes, and mollusks — are es- 
sentiallv sedentarv tvpes In higher vertebrates the proportions of the 
body mav vary considerably, but the primitive shape is that of typical 
fishes — a rather elongated, spindle shaped body (fusiform is the more 
technical word) capable of rapid locomotion through the water, with a 
muscular trunk and, bevond it, a highiv muscular tail This is a form 
which man lias imitated in creating fast -moving bodies, from submarine 
torpedos to airplane fuselages 

A word here about vertebrate locomotion In most land vertebrates tlus 
IS accomplished chieflv bv the limbs Bui m fishes the fins which represent 
the limbs are tinv and generally used only for balancmg and steering, 
trunk and tail are alone responsible for progression Waves of contraction 
of the muscles of one side and then the other pass backward along the 
bodv and, with increased amplitude, the tail, each wave as it passes back- 
ward along the body pushes against the water and thus moves the animal 
forward Most land animals have, as we said, shifted to propulsion by the 
limbs, but apart from the fact that some land forms, such as the snakes, 
have reverted to a sinuous body motion with loss of limbs, it would seem 
that much of the original wave motion was carried over into all land ani- 
mals If, for example, such an amphibian as a salamander be observed 
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walking, it can be seen that (shown <5n our plates follow ing p. 98) its limbs 
do little but keep its belly off the ground; a fishlike wriggling of the body 
is the main propulsive force. 

A diagnostic feature of primitive vertebrates is their method of water- 
breathing. Many invertebrates have gills of some sort — structures filled 
with blood and exposed to water so that an exchange of oxygen and carbon 



A, dorsal views of a fish swimming, to show the essential method of progression by the bickward 
thrust of the body on the water, resulting from successive waves of curvature traveling backward 
along trunk and tail The curve giving the thrust (indicated by arrow) in 1 has passed down the tail 
in Sand is replaced by a succeeding wave of curvature, the thrust of this wave carries the fish forward 
to the position seen in S, and so on B, dorsal views of locomotion in a salamander Although limbs 
are present, much of the forward progress is sliU accomplished by throwing the body into successive 
waves of curvature In^position i, the rij;ht front and left hind feet are kept on thej^round, the ojipo 
site feet raised, a swing of the bodj in S carries the free feel forward, as indicated by arrows If these 
feel are now planted and the other two raised, a foHomngreiersed swing of the body will carry Uiem 
forward another step, as seen in 3 (From Romer, The Veriebraie Body, B Saunders Companj ) 

dioxide waste from the body can lake place But the usual invertebrate 
type of gill projects outside the body; only vertebrates and their close kin 
have a unique system of internal gills A stream of water enters, usually 
through the mouth, continues into the gill region of the gut — the pharynx 
— ^and then passes out through a series of slits or pouches on either side to 
reach the surface again. On its outward passage, the ^%alc^ flows o%er a 
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series of blood-fillcd iiiemI)ranous structures, the gills, wheie the evciiange 
of gases occurs 

A further unique feature of \crlehiates and their relati\es is the nature 
of tlie ncr\ous s,\slem. Many in\ ertebrates ha\e ner\e cords and hrain- 
like structures of some soil or other, but here alone the nerve cord (the 
spinal cord) runs along the upper side of the body and, in contrast to 
invertebrates gcnerall.v, the coni— and the expanded brain at its front 

end — is a hollow structure. 

All familiar v’crtebrates 
hav’c the same t.v pes of special 
sense organs that vve possess* 
nose, ejes, and cars. But even 
at that, we may point out 
here, there arc variations 
among primitive forms Nos- 
trils were, at first, simple 
pockets I,v ing near the front 
end of the head for detecting 
odors in the water and imd 
originally no connection with 
the interior of the mouth, ns 
they do in man and all air- 
breathers. Well-developed 
paired ejes are found in all 
vertebrate groups, but in ad- 
dition there was present in 
primitive forms a third eje, 
the “pineal,” opening on the 
top of the head This has been 
reduced to a small organ con- 
cealed within the skull in most 
hv ing forms Ears we think of as organs of hearing, but our ears are also 
organs of equilibrium, and this was quite probably their original function 
Fish can hear but only through v ibrations set up within their bodies, for 
they lack external ears, eardrums, and all the mechanisms by which land 
animals receiv’e and amplify sounds The only portion of the ear which they 
have IS the essential inner stnictiiie, a double senes of liquid-filled sacs and 
canals lying within the braincase, which mainly register the pose of the 
bodj and its movements 




The head region of n highih a shark, and a higher bony 
fish In each the right half has been sliml through hon 
zontally to shon the gill system In the hagfidi the gills 
nre pouches opening to tlie surface b> rounded lubehke 
openings In the others the gdl meinbritnes he olong slits 
running from the throat (pharjnx) to the surface In the 
shark each gill opens separately in the bony fish the gills 
are protected bj a cohering of skin reinforced by bone 
(the operculum) (After Dean ) 
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We need, for our purposes, say little here about many other features of 
the internal anatomy of vertebrates — digestive, excretory', and reproduc- 
tive systems. We may, however, emphasize the point mentioned earlier, 
that there is in typical vertebrates a distinct tail region into which none of 
the internal organs pass — this in contrast with such invertebrates as an- 
nelid worms and the great arthropod groups, such as crustaceans and in- 
sects. Among the vertebrates the major muscles of lorser forms, particu- 
larly fishes, are arranged from early embryonic stages in segmental blocks 
down either flank in trunk and tail to form the main “motive power” of 
the animal rn its undulatory swimming movements. In correlation with 
this arrangement of the muscles, the nerves and trunk skeleton take on a 
segmental pattern. A vertebrate is thus partially segmented; but there is 



Diagrammatic longitudinal section through an ‘^idealized*’ vertebrate, to show the relative position 
of the major organa (From Roreer, The Verlehrate Bodj/, W B Saundm Company ) 


not segmental arrangement of skin, on the one hand, nor of the internal 
body organs on the other, whereas in an annelid or arthropod the segmen- 
tation affects every part and structure of the body. 

The skeletal system of vertebrates is distinctive. Its materials consist of 
cartilage (“gristle”) and bone. Cartilage is present in some invertebrates, 
but bone — a tissue made solid by deposits of calcium phosphate— is 
unique. Many early vertebrates, as we shall see, W'ere comjiletely covered 
by bony armor laid down in the skin and hence termed “dermal” (skin) 
bone; much of this is reduced or lost in most living vertebrates, but many 
of the skull bones originated as part of this armor pattern. Quite in con- 
trast w’ith invertebrates, much of the skeleton of \ ertebrates is developed 
deep within the body. In most \ertebrates these internal elements are first 
laid down in the embiyo as liny cartilages W’ljich are later replaced by 
bone. In some fishes — cyclostomes and sharks and their relatives — the 
skeleton consists of cartilage alone. It was formerly thought that this was 
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a primitive condition and Hint, as in the develojiment of the indi\idunl, 
cartilage appeared first in the evolutionarj' scries, bone later. Current c^ i- 
dence, liowever, indicates that bone appeared at a verj' early stage in 
vertebrate history and that its absence in lampreys and sharks is a de- 
generate feature — the retention of an embryonic condition in the adult. 

The primary element in a vertebrate skeleton is the backbone, a seg- 
mental series of elements beneath and around the spinal cord, running the 
length of the body and tail, ^\ith rilis usually extending out from the sides 
of each segmentand with supports for (he median fins In most fishes, with 
paired fins, and their descendants with limbs developed from such fins, 
girdle and fin or limb skeletons are, of course, present. 

At the front end of the trunk the backbone ends in contact w ilh a brain- 
case surrounding the brain, nose, and inner ear. A special set of cartilages 
or bones form the bars found in the inotilh and throat region and associ- 



Diagrami toahovt atages m akull fonnalion A, a pnmitne xerlabrate «>th bramcB«> and 

gill ban but lacking special jaiv elements and dermal bones R. tlie shark stage liave formed 
from gill bars the bony fish stage, dermal bon«s ha\e been added 

ated with the gills Most of these arc, of course, reduced in gill-less land 
animals, but persist as bones of the base of the tongue and the “Adam’s 
apple ’’ Elements at the front, bowe\er, develop into bars forming part or 
all of the jaw structures Lampreys and sharks have no skull in a proper 
^ense of the term, other fishes and all higher vertebrates, however, hate a 
true skull, formed from the braincase and upper jaw bars together with a 
series of dermal bones which form a roofing shield over the head and weld 
these internal structures together 

Older, apparently, as a skeletal element than either bone or cartilage is 
the structure termed the “notochord ” It is a long rod-shaped affair run- 
ning the length of the body in the position of the backbone of higher verte- 
brates It consists internally of soft tissue but is co\ered with a stout 
sheath which gives it firmness as well as flexibility In most vertebrates it 
is reduced or absent in the adult, having been replaced by the \ertebrae, 
but even m such advanced fonns as mammals the notochord is prominent 
in the early embrjo, dwindling and vanishing later. In a lamprey the 
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vertebrae are little developed, and the notochord is prominent throughout 
life; and in some lowly vertebrate relatives, discussed in the next section, 
there is no true backbone, but a prominent notochord is present- 

LOWER CHORDATES 

Amphioxus. — The characters mentioned in the preceding section are 
those of a typical member of the vertebrate stock. If, however, we desire 
to look into the origin of vertebrates, we naturally wish first to descend 
the evolutionary ladder as far as we can, to find as simple a form as pos- 
sible to compare with lo^er animals. Some fishes are more primitive than 
others; the lampreys and hagfishes (discussed somewhat later) lack such 
typical vertebrate structures as jaws and paired limbs. But a far more 
simple form is the little animal, the lancelet, usually known by the scien- 
tific name of Amphioxus. 

This is a small translucent creature found in shallow tropical marine 
waters, sometimes swimming freely about, but spending much of its life 
partly buried in the sand of the bottom with only the front end of the body 
projecting. Generally rare, it is so common in the Amoy region of the 
Chinese coast that it is sold in bulk as food in the markets 

Its general appearance is rather fishlike, but in structure it is much 
more primitive than any true fish. There are no paired fins or limbs of any 
sort, no jaws, and no bones or cartilages, not even a backbone. There is 
nothing that can be called a brain in any ordinary sense of the term, no 
ears, no eyes (although pigment spots in the brain tube appear to be sensi- 
tive to light), and only a tiny pit which may be the rudiment of a nostril. 
This form is obviously a much more primitive creature than any typical 
vertebrate. 

There are, however, several important characters which show that 
Amphioxiis is really a primitive relative of the vertebrates. Although this 
little animal has no backbone, it does have a highly developed notochord; 
more highly developed, in fact, than in any vertebrate, for it extends for- 
ward to the tip end of the “nose,” where it provides an effective stiffening 
device when the animal burrows. Another vertebrate feature of Amphi- 
oxiis is the well-developed hollow nerve cord running the length of the 
body above the notochord. And a lliird good feature of resemblance is the 
presence of gills of the vertebrate type. Indeed, it would seem as if this 
simple little creature were trying to emphasize this point of agreement, for 
whereas a normal vertebrate usually has but five or six gill openings, 
Amphioxus may have several dozen. The animal has an important func- 
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Ijoml reason for tins emplnsis on gills, for tliej are used not mereh for 
breathing but for food collecting is tiell The inimal feeds on tiny food 
particles jiresent in the currents of sea water drawn constantly into its 
mouth and passed out through the gill slits These particles are strained 
out in their passage through the ‘Throat,’ imbedded in bands of a sticky 
materi d secreted there, and carried In ciltaiy action back into the mtes 
tmes It highly firohab/e tliat f/iis Ainction of the giHs is the pnmarv one 
with breathing probabh sccondnn, for man\ small soft skinned animals 
can breathe successfully through their skins without the need for special 
organs 

1 he lanceitt is clenrU a relatneof the \crttbrates, a point strengthened, 
incident al!\, by the fact that the lnr\n of the lamprev is vera similar to it 
in structure But it is a much more pninitne type than any \erlcbrate 
and, lacking a backbone, cannot \cra well be included in that group 
Howeaer, c\era aertebrate lias a notochord at some stage of its de\elop 
inent, and to express this relationship naturalists ha\c erected a major 
group, or pin him, of the animal kingdom, known as the Chordata, or 
“animals possessing a notochord ’ Of this phy lum the % ertebrates are the 
major subdnision, while Afnphtoxus and a few other “poor relations” of 
the backboned animals make up sexeral lower chordate groups 

It is not impossible tint the lancclel is fairla close to the pnmitn e lx pes 
from which the xertebrates haxe arisen, although this lixing creature has 
some specialized features 

Tunicates — The timicates or sea squirts comprise a considerable num 
ber of small inhabitants of modern seas Some are free floating little crea 
turcs, some form branching colonics Perhaps the most generalized of the 
group are the forms found as adults attached to rocks or other objects m 
shallow water Thex are quite motionless and, in this respect, quite unlike 
the txpically actixe \ ertebrates nor is there anx bodily resemblance to 
a ertebrates The sea squirt appears to be a nearly shapeless lump of matter 
en\ eloped m a tough leathery skin — the tunic which gives its name to the 
group At the top of the animal is an opening into which water is drawn 
Inside is a large barrel shaped strainer through w hich the water passes to 
floxx out a second opening at the side Food particles in the water are col 
lected at the bottom of the straining dex ice and pass into the stomach and 
intestine In the adult tunicate there is x ery little nerx ous sy stem of anx 
sort, not to speak of a brain or spmal cord Nor is there any trace of a 
notochord or any skeletal sy stem Nothing more unlike a typical chordate 
could, it would seem, be imagined 
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winch is the more pnmituc type, the sessile dthilt tunicate or the active 
larva^ Many students, impiesstd with the active nature of vertebrates, 
have tended to the opinion that the larva represents the inoic jinmilive 
type and that the sessile nature of the adult is a degeneiatc develojnntnt 
But caieful consideration of the whole chordate picture suggests the re- 
verse It is more probable that the chordate ancestor of the vertebrates 
was, rather like the adult tunicate, a sessile feeder on tiny food particles 
(as we shall see is the case m even more simple cliordates) which had, at 
this stage, developed a motile larva with a swimming tail furnished with 
muscle, notochord, and nerve cord The primary function of this larva 
was to move about and “set up shop” for the adult in a favorable spot 
Liv mg tunicates have gone no farther with this devcloimient Very likely 
the evolution of Ainphioxua and the vertebrates came about by a process 
of paedogcnesis (discussed earlier in this chapter) Under some conditions 
it w as prcsuuiablv adv antagtous if the larv a never “grew up” and became 
sessile but, rather, retained its tail and its motile habits throughout life 
Ihe ancestral larva, not the ancestral adult, opened the door to advance 
and freedom 

Acorn worms — Quite dilforcnt, again, are the acorn worms Tlitse 
seashore burrowers arc somewhat like the ordinary annelid worms m gen- 
eral api>carance but have as characlcnslic structures a "collar,” in front 
of which is a tough burrowing snout or proboscis, tlie two sometimes re- 
sembling an acorn in its cup (hence the name) Despite the wormhke 
appearance of these forms, their internal structure is quite different from 
that found in the annelids Strong proof that they are, on the other hand, 
related to the chordalcs is show n by the presence of numerous and tj pical 
gdl slits The nerv ous system is not highly developed, but there is a hollow 
dorsal nerve cord in the collar region, and a small structure m the probos- 
cis IS thought to be a rudimentary notochord The acorn worms are as- 
suredly far below the lancelet in the level of their organization but are 
highly specialized and hence not on the mam line of v ertebrate ascent 
Pterobranchs — In studying the acorn worms we have descended the 
tree of life to a point where there is little left of vertebrate characters or 
ev en the basic chordate characters of Ampkioxus apart from the presence 
of gill silts as a feeding (and breathing) device One further, final, step 
brings us to forms which lack, or nearly lack, even this last remaining 
vertebrate resemblance and would not be suspected of relationship w ere it 
not for an arrangement of body parts comparable to that of acorn worms 
These are the pterobranchs TJiere is no popular name for these tiny, rare, 
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marine animals. Apart from a few doubtful types, there are but two known 
genera. They form little planthke colonies, whose individuals project like 
small flowers at the ends of a branching senes of tubes. The short body is 
doubled back on itself, so that the anus opens anteriorly back of the head. 
Proof of relationslnp to the acorn worms lies in the fact that there is a 
snoulhke anterior projection bejond the mouth, corresponding to the 
acorn worm proboscis, and back of this, a short collar region. But other 



Tunicates and hemichordates A, an individual of the plerobranch genus IVuthdojileura projecUng 
from itamdosiflg tube i?, a part of a colony of the same C,a colonial sessile tunicate, each polygonal 
area ts a separate individual of the colony D, external view of a solitary tunicate E, a free-Soaling 
tumcate, or salp E, an acum vtorm (Bo/ono^foMtir) u. Anus, e, collar region, f, lopophorc — ciliated 
coUectiDg arms, tn, mouth, p, pore opening from body cavity, pd, stalk (peduncle) by vibich lodj- 
V idual IS attached to remainder of colony, pr, proboscis or anterior projection of body , t, siphon which 
carries oS nater and body products (Frota Homer, The VvrUbrait Body, W B Saunders Company ) 

resemblances to acorn worms — to say nothing of more highly de\ eloped 
chordates — are almost lacking. There is little de\elopment of a nervous 
system, no trace of a hollow nerve cord, and not the slightest suggestion of 
a notochord. And the feeding mechanisms are of a very different type. 
True, these plantlike animals feed, as do other lower chordates, on food 
particles drawn in by ciliary action. But the gill mechanism, which is so 
important in the filler-feeding of acorn wonns, tunicates, and Ain-phioxus, 
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IS almost absent One of the two ptcrobranchs lias a single pair of small gill 
openings, the other none at all Instead, there piojects from the collar rc 
gion large branching tentacle like structures, teimed “lojihophorcs ” 
These are richlj supplied with cilia, which set up water currents, bringing 
food particles to the mouth 

So unchord ite like ire these small creatures that one is tempted to sug 
gcsl that they aredegeneiate forms, (lerhaps relativ ely modern in dcvclop- 
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Ad agrammatic family tree suggest ngtlie possible mode ofe^olutlon of vertebrates Theechinodercns 
may have arisen from forms not toodissimilar to thebttlepterobranchs the acorn vvorms from ptero- 
branch descendants which 1 ad evolved a gill feedmg system but were little more advanced in other 
regards Timicates represent a stage in whicb m tl e adult the gUi apparatus has become highly 
evolved but the important point is the development in some tumeates of a free-sw imming larva 
with advanced features of notochord and nerve emd and free swimming habits In further progress 
to Amphioxus and the v ertebrates the old sessile adult stage has been abandoned and it is the larval 
type that has initiated the advance 
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ment. But it has recently been demonstrated that they are a very ancient 
group indeed. Paleontologists have long been familiar with a variety of 
small tubelike structures termed “graptohtes” which were abundant in 
the seas far before the appearance of the oldest vertebrates. Close study 
shows that these tubes are similar to those which shield the modern ptero- 
branchs. With this indication of their antiquity, it can be reasonably ar- 
gued that the pterobranchs are a truly primitive group of chordates (in a 
broad sense), from whom, by progressive development of a gill-filtering 
system, the more typical chordates are derived. 

VERTEBRATE ANCESTRY 

Having followed down the vertebrate pedigree to the simplest and ap- 
parently most primitive chordate type, it remains to determine, as far as 
can be, the relationships of the chordates as a whole with the other great 
groups of animals, often “lumped” (from an anthropocentric point of 
view) as invertebrates. In discussing this question we must rely, as in the 
last section, mainly on the evidence from living forms; for although many 
invertebrates have hard skeletons or shells capable of fossilization, it seems 
certain that these have been acquired independently within the various 
phyla and that the ancient forms which might have been connecting links 
were surely soft-bodied. 

The main stock of the more advanced invertebrates seemingly lies 
among the coelenterates — multicellular animals with radial symmetry, 
such as the corals, jellyfish, and sea anemones. From them, or some form a 
bit more advanced, seem to have arisen two main lines of invertebrate 
evolution, one leading to the echinoderms, a second to the annelid worms, 
the mollusks, and the arthropods (or joint-limbed animals), a great group 
including insects, crustaceans, millipedes, and arachnids, among others. 

Except for the mollusks, every phylum mentioned has been put forward 
for the role of vertebrate ancestors Some suggest that the coelenterates 
have been the group fr^.m which the vertebrates sprang. This may well 
have been true in the long run, since these lowly animals presumably w ere 
ancestral to all the higher types of life. But may it not be that the verte- 
brates progressed farther along one of Uie main lines leading upw’ard from 
the basal stock before branching out on their own? Can we not find some 
indications of vertebrate connections in one of the more advanced inverte- 
brate groups? 

Annelid worms. — The annelid worms, which include not only the earth- 
worm but a great variety of more highly developed marine types, have 
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been advocated by some as our pro^nilors. There are a number of com- 
mon features. The annelids arc bilaterally symmetrical, as are vertebrates. 
They are segmented, each joint of their body repeating the structures of 
the one ahead; and vertebrates too are segmented, at least as regards back- 
bone, muscles, and nerves, as we have seen. 

iVnnelid worms also ha\’e a nerve cord and a good blood system. But 
here ue find marked differences from the vertebrate plan of structure. The 



A simplified family tree of the lotertebrate phyla The chordates, including the vertebrates, are 
probably ahm to the echiaoderms (starfish, sea urchins, etc ) but only distantly related to other 
groups 

nerve cord lies on the underside rather than the upper side of the animal, 
and the blood flows in opposite directions from that in vertebrates along 
the two aspects of the body. But, as shown in the accompanying figure, 
these differences may be corrected if the position of the animal is reversed 
and the worm is assumed to have turned over to become a vertebrate. 
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It may be that top and bottom mean little to a worm ; but the reversal 
of position raises as many problems as it solves. We must, for example, 
close the old worm mouth and drill a new one through the former roof of 
the head, for in both worms and backboned animals the mouth lies on the 
underside, beneath the brain Then, again, where in the worm are the 
notochord and gill slits, those vertebrate structures to which even the 
lowest of chordates clung tenaciously? Their homologues have been sought 
in annelids but sought in vain. There is little positive evidence for belief in 
the origin of vertebrates from segmented worms. 

Arachnids. — The arthropods include among tlieir numbers some of the 
most highly organized of all invertebrates. It is not unreasonable to seek 
vertebrate ancestors in this phylum The insects and crustaceans, most 
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Diagram to illustrate the supposed traasfonnation of an annelid worm into a v'ertebrate In norma! 
position this represents the annelid with a * brain” (a) at the front end and a nerve cord (x) running 
along the uoderstde of the body The mouth (m) u oo the underside of the animal, the anus (a) at the 
end of the tail, the blood stream (indicated by arrows) flons fonvard on the upper side of the body, 
back of the underside Turn the book upside down 
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numerous of arthropods, have not been seriously considered in this con- 
nection, nor have the centipedes and their relatives. A more worthwliile 
case has been made out for the arachnids. 

These forms include not only the spiders, mites, and scorpions but also 
the horseshoe crab {Lxmulus) of the Atlantic coast and a number of old 
Paleozoic relatives of this last type, the eurypterids, or water scorpions. 
The late Dr. Patten, of Dartmouth College, devoted much of his life to the 
fascinating theory of vertebrate descent from the arachnid stock. The 
eurypterids, like other arthropods, were armored types, with an external 
rather than an internal skeleton. But some of the early \ertehratcs were 
armored too, as well as possessing deeper-lying skeletal structures. The 
armor of the water scorpions resembled to a considerable extent that of 
some early vertebrates. May not armored arachnids have given rise to 
armored vertebrates? 
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But there are many objecbons Where* for example, ha\e gone the nu- 
merous jointed legs of the water scorpion? There is no trace of tliem in 
vertebrites Further, it is the lop of the arachnid which is comparable 
with the top of the vertebrate, but m arachnids (as in worms) the nerve 
cord is on the underside We must turn the animal over, and this destroys 
most of the resemblance The anatomy of some of the oldest and seeminglj 
most scorpion like vertebrates is now well known, and there are no fea- 
tures suggestive of arachnid relationship Interesting as this theory is, it 
finds little positive support 

Echmoderms — Ihe cchinodcrms — starhslics, sea urchins, sea JiJies, and 
the like — seem the most unpromising of all as potential ancestors of the 
vertebrates Thev are ndiall> svmmetrical, in contrast to vertebrates, 
they hav e no internal skeleton, no trace of any of the three major chordate 
characters of notochord, nerve cord, or gill slits, m addition, they have 
many peculiar and complicated organs of their own At first sight one 
would be mclined not even to consider them But here embryology and 
biochemistry shed an unexpected gleam of light 

The early embryo of the ccliinoderm is a tiny, free floating creature, al 
most beyond the range of vision of the naked e^e Despite tlie disparity 
betvv een the adults, the larv ac of somecchmodenns are so close to the larva 
of the acorn worm that the worm larva was Jong thought to pertain to 
some echinoderm type Further, in the development of the embrjo, the 
mode of lajmg down the main structural elements of the body in the 
eclunoderms i» radically different from that found m other advanced m 
vertebrate groups — but agrees well with the erabryological story seen in 
such chordates as the acorn worm and Amphioxus Still further, recent ad- 
vances in biochemistry sliow that, in such important features as the 
oxygen carrying pigments of the blood and the chemistry of muscle ac 
tion, the echmoderms show significant similarities to the vertebrates and 
contrast in tliese features with most other invertebrates 

Here, at last, are some positive facts and from a quarter where, at first 
sight, one would least expect them But on further reflection, tins sugges 
lion of echinoderm relationship is not as astonishing as it might seem e 
think of vertebrates as active animals But if our reasoning in the last sec- 
tion has any merit, it is probable that the ancestral chordate, from which 
the vertebrates are descended was, in contrast, a stalked, sessile animal 
making its living from tiny food particles gathered by ciliary currents 
along its outspread ‘ arms ’ Most living echmoderms are free movmg (al 
though their mov ement is of a limited and peculiar nature) But the fossil 
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history shows clearly that the ancestral echinoclerms, like the ancestral 
chordates, were sessile forms. The ancestral echinoderra groups are noiv 
extinct, but the living crinoids, or sea lilies, are echinoderms of similar 
habits. A crinoid has a complex skeleton and other specialized features. 
But basically, it is a “stalked, sessde animal, making its living from tiny 
food particles gathered by ciliary currents along its outspread ‘arms.’ ” 
These are, as you may see, exactly the words used a few lines above to 
describe a primitive chordate. Actually, a little pterobranch seems to be a 
type of such simple and unspecialized nature that it may well be dose to 
the humble dwellers in ancient seas from which both chordates and 
echinoderms, in their \ ery different fashions, took their origin. 



CHAPTER 2 


Vertebrate Beginnings: 
The Evolution of Fishes 


We ha^ e follou ed, as far as can be seen from our all too scanty 
e\ itlence, the trail of \ crtebrale ancestry upward through small and prmu- 
ti\e ^\ater dwellers to a point where, in such an animal as Amphioxus, a 
number o/ the base characters to be eipected m the ancestors of back 
boned animals ha\e already developed We shall now continue the storj 
onward and upward through the vertebrates themselves But before doing 
this in an} detail, w c may lay out the general plot of the drama and distin- 
guish the mam successive types that will be encountered 
All existing (and most fossil) vertebrates can be readily arranged m a 
senes of major groups — technically “classes ” The class Mammalia in- 
cludes the mammals, the familiar warm blooded, hair clothed animals, 
among which man himself is to be included The birds, class Aves, are 
readil} distinguished by the presence of feathers and wings and bj their 
possession, along with mammals, of a high, controlled body temperature 
The class Reptilia, lacking the progressive features of the birds and mam- 
mal*, represents a lower level of land life, with lizards, snakes, turtles, and 
crocodiles as living representatives A fourth group is that of the class 
Amphibia, including frogs, toads, and salamanders — four legged animals, 
but reminiscent of fishes in man} respects 

One commonly lumps the remaining lower vertebrates as ‘ fish,” and 
these forms (or most of them) are sometimes included in a single v erte 
brate class, the attitude being that, after all, they seem to be built on a 
common plan — water dwellers with gills and with locomotion performed 
by fins rather than limbs But this is a rather personal, human viewpoint 
An intellectual and indignant codfish could point out that this is no more 
sensible than putting all land ammals m a single class, since, from his 
point of view, frogs and men, as four limbed lung breathers, are much 
alike ActuaJl} , when we look at the situation objectively, a codfish and a 
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lamprey, at two extremes of the fishy world, are as different structurally as 
amphibian and mammal The fishes are perhaps best arranged m four 
classes of lower vertebrates class Agnatha for jawless vertebrates, such as 
the living lampreys and their fossil relatives, class Flacodermi for the 
primitive jawed fishes of the Paleozoic, now extinct, class Chondrichthyes, 



\ sunpliScd family tree to sboir the relalionshipa of the \ertehrate classes 


cartilaginous fishes, sharks, and their relatives, and class Osteichthyes, the 
higher bony fishes wluch today constitute most of the piscme world. 

In the above figure these eight classes of % ertebrates are arranged m 
the form of a simple family tree 

PRIMITIVE VERTEBRATES-BACKBONE 

What marks the first stage m vertebrate evolution’ \Miat sort of crea- 
tures were our earliest backboned ancestors’ 
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Lampreys and hagfishes — A partial answer to these questions may be 
obtained from a consideration of the lampreys and ha^shes, the living 
rcj>rosentati\cs of the class ^\giiatha, the jawless \crtebrates Because of 
their round mouths they arc usually termed the “cyclostomes ” Best 
known is the marine lamjircy, which is common m the colder regions of 
the northern hemisphere There are related fonus from Chile and Aus« 
traha This fish is eel like in ajipcarance but much more primitive m its 
structure than true cels, which are highly dc\ eloped bony fishes The 
lamprey is soft bodied and scalelcss and, though having a feeble skeleton 
of cartilage, licks bones entirely There are no traces of paired fins, and, 
most especially, jaws are totally lacking The adult lamprey is predaceous. 



The three maia t}pe«of cjcIostocDes A tlie sUme lug Dddlottoma Ij, the bsgS^h Mynnt C, the 
lampre> Pelromt/^n (Prota Dean ) 

nevertheless the rounded mouth ouj) forms an adhesive disc by which it 
attaches to the higher types of fishes upon which it preys, and a raspmg 
longuehke structure wathm the mouth is a fairly effective substitute for 
the absent jaws There is but a single nostril, opemng high on top of the 
head The gill passages are not slits, as m most fish, but spherical pouches, 
connected by narrower tubes with gut and body surface In various less 
obvaous structural characters, the lampreys likewise show a series of fea- 
tures in wluch they differ from typical fishes — features which appear to be 
m part primitive, in part aberrant 

The excessively slimy hagfishes are, like the typical lampreys, marine m 
habit, but differ in a number of ways The rasping tongue is present, but 
the mouth is surrounded by short tentacles instead of a sucker The Jiags 
are scavengers rather than active predators, burro wmg into the flesh of 
dead or moribund fishes The nostnl is at the tip of the snout rather than 


Amphioxus, a chordate relative of the vertebrates, is a small translucent marine animal At the top is an 
external > lew Below a model cut longitudinally to show the internal anatomy, the ‘ head ' end is at the 
left The prominent white band runnmg the length of the body is the notochord Abov e it (in black) is the 
nerve cord slightly expanded anteriorly in the position of the t ertebrate brain The striped layer abo> c 
the nerve cord indicates muscle the white dots are fin supports 

Below the notochord the digestive tube occupies much of the body from the mouth at the left to the 
anus beneath the tail fin Nearly half the length of the gut is occupied by the giU region (phar> nx) , w ith a 
highly developed lattice work of gills There is no distinct stomach the hmd half of the gut is a simple, 
straight intestme From this a pocket 
brancJies o5 m ieont as the liver, this 
extends forward mostly concealed in 
the model by the gill bars 

litgkt, a photograph of a jouug 
Amphioxiu m which most of the 
same structures are readily seen 
which are represented in above mod 
els The gill lattice work, however, is 
not so highly developed, and the an 
tenor extension of the Iner sac is 
more readily Msible (Photographs 
above courtesy American hluseum of 
Natural History, New York larva 
from photograph copyright by Gen 
eral Biological Supply House, Chi 
cago) 



Brook lampreys spawning The eggs 
are laid in a shallow nest scooped 
out in the bed of a brook The ejes 
and round gill openings are well 
shown (Photograph courtesy ?«ew 
York ZcKilogical Society ) 




The lamprey otiacic X model illus 
(rating the mode ot life of Ute lam 
prey The round moutli sucker is ap 
plied to the skin of the prey, and the 
flesh IS rasped off by the prolrusible 
toothed ‘ tongue ” The catfish illus 
(rated shons scars due to former at 
tacks from lamprejs (Pliotograph 
courtesy American lluscum of Nat 
ural History, New York ) 



I A Chimera orratflsh A represent- 
ative of a deep sea group with car 
tilaginous skeletons They are dis 
tanlly related to the sharks but differ 
I in a number of respects, such as the 
/old of skin covering the giUs (com 
t pare with the exposed gill shts of the 
1 shark below) and the peculiar jaw 
I apparatus suitable for moUusk eat 
' ing (Pliotograph courtesy American 
Museum of Natural History, New 
York) 


The sand shork (CarcAonoj liUoralu) AtUched to its belly is the remoro, or shark sucker ‘ (£c/ie«w), 
which feeds on the shark s food A second specimen n seen at the bottom Note the flattened head topped 
by a sucking dcMce (Pbotogrspb courtesy New York Zodiogial Bociety) 
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atop the head, and the gill pouches in some hagfishes do not open directly 
to the surface but join to a common external opening on either side. 

The hagfish eggs are laid in the sea and the young develop directly 
there; the marine lamprey, in contrast, has a distinct fresh- water larval 
stage. Every spring, lampreys run up the streams to spawn (and die), and 
the developing young spend several years of their lives as little larvae, 
which lie nearly buried in the mud of brooks and streams. These larvae 
are not at all predaceous; there is no tongue rasp, no mouth sucker. In- 
stead, they are filter-feeders, which strain food particles much as does 
Amphioxiis. A, stream of water is brought into the mouth by ciliary action, 



Upper and lower surfaces of the head in a Paleowac armored jawlcss vcrlebrate {Ctphalatyit, alwi) 
and a modern, degcncMlc t>'pe, thplamprex In Both the nostril is a single opening on the top 

of the head. Behind the nostril (n) b a median e}*e (p) between the paired ej-es. On the underside 
the ancient tj'pe had but a small mouth which appears to have sucked in nutritive material Hhlcli 
was strained out in its passage to the round giU openings at the side of the throat. In Uie lamprey, 
with its carnivoroiu hahits, a large sucking mouth has developed, with a toothed rasping “tongue" 
in its center (the gill openings, not shown, were farther back on the sides of the throat). (Cepkalatpit 
after StensiO; lamprey from Norman, A Ilittory of FtsArr.) 
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passes into the throat, and, with food particles strained out, returns to the 
surface througli the gill slits At the end of t!ie larval period there is a 
sudden change of structure, and the young lamprey, with adult features 
fully dc\eloped, descends to the sea It is possible, ho\\e\er, for lampreys 
as adults to remain in fresh waters — the sea lamprey has successfullj m- 
\aded the American Great Lakes — and we even find, m certain instances, 
that small species of lampreys do not take up a predaceous life but repro 
duce and die m their native streams shortly after assuming adult shape 



A, Anglospis 



0, Pteroleois 



C Hemicyclaspis 


Some ostracodenns otdc$( of Lnonn vertebrates These grotesque Jittle fishes were lawless filter 
feeders or mud grubbers in Silurian streams (After HemU Kiacr ) 

It IS genersiiy agreed that the absence oI jaws and, probabJj, that oi Bus 
are prmiitive features of cyclostomes Other characters, however, are more 
dubiously primitive There is considerable reason to regard the absence of 
a bonv skeleton as a degenerate feature, the predaceous or scavenging 
habits can hardly have been present jd ancestral vertebrates (mutual can 
nibahsm is not, to sav the least, advantageous), and the tongue rasp is a 
cyclostome specialty Cyclostomes represent a primitive level of verte 
brate development they are not, however, m themselves ancestral verte 
brates We must go further m quest of really primitive ty pes 
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Ostracoderms. — Here we may for the first time avail ourselves of the 
knowledge gained from the fossil record. In the second period of the 
Paleozoic era, the Ordovician, we find the first faint traces of our oldest 
known vertebrate kinsmen in the shape of small flakes of bone in rock de- 
posits, apparently formed in a shallow bay in an old sea tliat once covered 
much of Colorado and other western states. These oldest fragments, dat- 
ing from a period in the earth’s history perhaps 450,000,000 years ago, are 
not well enough preserved to give us any idea of the nature or appearance 
of the forms from which they came. It is not until a whole period later, in 
the late Silurian, that we first find 
complete skulls and skeletons of 
these most ancient predecessors of 
man. 

And here we find ourselves in a 
quaint, bizarre world. These archaic 
vertebrates were water-living types, 
with fishlike bodies and tails. But, 
whereas modern fishes often have 
naked skins or are covered in many 
cases merely by thin scales or denti- 
cles, these ancient vertebrates were, 
one and all, armored with thick plates 
of bone or bonelike material — scales 
over the trunk and tail, where motil- 
ity for swimming was essential, and 
a solid layer of armor plates over the 
head region. This armored condition 
has led to the frequent use of the term 
‘‘ostracoderms” (shell-skinned) for 
these oldest vertebrates. In their general appearance they were quite 
unlike the lampreys and hagfishes, but when these fishes are more closely 
examined, it is seen that there are real resemblances to the lampreys, indi- 
cating true relationship. Like the cyclostomes, these oldest vertebrates 
lacked any trace of jaws, the mouth being merely a small hole or crossw ise 
slit; and there are no typical Ifmbsorpaired fins but, at the most, a pair of 
flaps behind the head region or small spines at the sides of the body. Even 
in detail there are many resemblances between ostracoderms and cjclo- 
stomes. Many of these old fossils had, as In lampreys, a single nostril higli 
up on top of the head, and the casts of such structures as brains and ears 



A flat bodied ostracoderm, Psammolepis (After 
Mark and B^-stron ) 
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fallow tint wc are dealing with foniis fundament illy similar to Die lamprey 
type 

Putting logcthti the evidence from both living and fossil forms, it seems 
certain tint the jaw less and hmblcfafa condition is one to be expected in the 
oldest vertebrate types Ostraeodenns and lampreys thus represent the 
most primitive stage m vertebrate evolution But we have been loatli to 
believe that the armored ostr icodcnns were actual ancestors of later 
types it has been assumed that the trucancestorsof later vertebrates were 
soft bodied forms which might have escaped preservation and that the 
ostraeodenns were merelv an aberrant group having nothing to do with 
the line of descent of higher fishes or land forms 

Kecent work however has tended strongly to show that some of the 
ostraeodenns jirobablv are exceedingly close to the line of descent of both 
cjclostomcs and higher fishes Bone in the shape of both surface armor 
and internal skeletal [iirU seems to be an extremely old vertebrate char 
acter It is jirobablc that man> vertebrates now lacking such structures 
are degenerate rather than primitive ^Ncknow for example tliat sudi a 
fish as a sturgeon vvitli hardly a bone m lU body has descended from 
forms with a well ossified skeleton Vnnorwas jirobably a character com 
mon to the ancestors of all vertebrates and the ostracoderms are really an 
ancestral group 

Where did the early vertebrotes Ihe old ostracoderms of the 

Silurnn which we have just described are m a broad way primitive verte 
brates but all were already specialized in one way or another Obviously, 

V ertebrates had already been m existence for a considerable period of lime 
m order to produce this varietv of forms but we know nothing of tliese 
still earlier fishes except for some scraps from a single formation belonging 
to the preceding period Why’ 

The answer very probably lies m the fact that the ancestral v ertebrates 
lived m fresh waters 

VostmverfehratesareseadweHerfa soareaW thehvinglonerclionJates 
and so are the vast majority of living fishes It is hence but natural to be 
lieve that early fishhke vertebrates likewise were marine forms But some 
decades ago tins began to be questioned and there are two strong lines of 
evidence which suggest that the early evolution of fishes took place m 
fresh waters and that only later did vertebrates re enter the marme en 
vironment of their remote ancestors 

All animals of any high degiee of orgamzation have kidney structures of 
some sort to eliminate waste materials from the blood and bodv fluids 
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Vertebrates, however, have a very distinctive type of kidney, differing 
markedly from that of even their close marine relative, Amphioxus. The 
kidney is composed of large numbers of tiny tubules. Into each is filtered a 
quantity of liquid from the blood stream, containing waste materials and 
forming a very dilute watery urine in almost all fishes and the amphibians. 
The primitive vertebrate kidney is essentially a pumping system which 
continually draws off water fiom the interior of the body. The blood serum 
and other liquids m the body of any vertebrate contain much the same 
salts that are to be found in sea water but in a more dilute state. Bathed in 
this salt solution, the cells of the body tlirive; if the salts become either 
too concentrated or too dilute, the cells — and the animal— die. If a fish or 
amphibian lives in fresh waters, the internal liquids tend to take in water 
from outside and become too dilute. The vertebrate kidney, continually 
pumping out water, is an ideal structure to counteract this tendency and 
would seem to have evolved for fish living in fresh waters. 
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To sum up till, argument Ihc vertebrate kidney is idtallv constructed 
for lift in inland natcr* Most nijnne fisbcs have tins type of kidney but 
counteract its disadvantages by sjiccializations of two very different sorts 
m two different groups llic only logical explanation is that the ancestral 
vertebrates, in which this kidney devcloj>cd, lived in fresh waters 

hat docs tJie fossil record show* It n* in many cases difficult to inter 
pret the conditions under which a given set of sediments were laid down, 
and, further, one cannot be sure that the beds in which the remains of a 
fish are found represent the place where he lived (A dead river fish, for 
exainjile, mav float out to sea before it sinks ) But on the whole the fossil 
evidence strongly sujiports a fresh water origin The almost complete lack 
of records of vertebrates m the very oldest geological periods can be cor 
related with the fact that nearly all the sediments of those dajs that have 
been preserved are of marine origin It is only in the Silurian period, and 
especially toward Us close, that anv fair amount of fresli water deposits 
appear m the geological column And as these rocks appear, vertebrates 
are met with in numbers for the first time Following this, the early 
Devonian has manj vertebrates, mainly fresh water forms, as that period 
progresses, the percentage of marine forms increases, indicating, it seems 
an increasing tendency for fishes to migrate from ancestral fresh waters 
into the ocean 

Vertebrates versus water scorpions —But why should the early ver- 
tebrates have been armored* An answer inay perhaps be found by consid 
ering their habitat These oldest of backboned animals were mainly flat 
bodied comparatively sluggish types whose lives appear to have been 
spent along the muddv bottoms of fresh water ponds and streams The 
absence of jaws prevented them from becoming predatory, and the onij 
mode of existence open to them was that of grubbers m the mud 

The only reasonable suggestion as to the presence of armor is that it was 
for protection against enemies But what enemies had they* Most of the 
larger mv ertebrates which one would think of, such as the ancient cephalo 
pod relatives of the squids and octopi and the larger crustaceans, were 
marine forms living in quite a different environment from that of our 
stream dwelling ancestors We do however, find that there was one con 
spicuous gioup of invertebrates of Paleozoic days many of whose members 
inhabited fresli wateis These were the euryptends, or water scorpions, 
mentioned before indeed the two groups are often found m the same de- 
posits and must have dwelt together These old arachnids were, on the 
average, much larger than the ostracoderms The oldest vertebrates were 
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seldom more than six inches to a foot long, while euryptends were, on the 
average, much larger — some nearly a dozen feet m length — and were ob- 
viously carnivorous forms with biting mouth parts Apart from verte- 
brates, there are few animals m these ancient deposits whicli we can im- 
agine to have afforded a food supply for the old euryptends, and apart 
from the water scorpions we know of no enemies against which vertebrates 
needed defense 

Later vertebrates tended to increase m size, became faster-swimming 
types, and many fishes migrated into salt waters where they were com- 
paratively free from attack Correlated with these developments we find, 
in the fossil records, that the water scorpions dwindled m importance and 
disappeared The higher vertebrates, freed by their progressive develop- 
ment, tended m great measure to lose their armor Portions of it, however. 



Cladoselache a fast sutmining aharklike fUh «ith broad based paired fins (After Dean ) 


survive in even the highest forms In our own case we liave no bony scales 
or other superficial armament But the greater part of the bones of our 
head are dermal elements covered, it is true, with thick skin and some 
muscles but still comparatively superficial in position 

DEVELOPMENT OF JAWS AND LIMBS 

To reach the evolutionary stage of Ijpical fishes, two great advances 
must be made over the structural plan of the ostracoderms or lampreys, 
m the development of biting jaws and of jiaired fins Only w ith the ev olu 
tion of jaws and teeth could vertebrates leave the bottom, where food 
debris accumulates, and become predaceous t^ pes, jireying on larger Iiv ing 
things With the development of this new mode of life, faster locomotion 
for the pursuit of prey became necessary, and most true fishes have ceased 
to be flattened types and have developed rounded bodies with a torpedo 
like, streamline construction 

Jaws — The origin of the jaws is readily surmised by a studj of the 
skeleton of the sharks There 'ire, in every pnmitne vertebrate, skeletal 
bars lying on either side of the throat between the gill openings These 
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liave U\o j)nucipal parts — upper and loner. TJie jaws lie in line witJj these 
elements and, like them, arc composed of upper and lower j)arts, with a 
joint between. It appears highly probable that the jaws arc merely a front 
pair of gill bars which have enlarged, liave rotated their free ends forward, 
and have been pressed into service to perform a new function. 

In our own head and that of most higher 
forms the upper jaw is fused to the skull. In 
sharks, however, the upper jaw is usually 
still a separate element which is only loosely 
attached to the skull. A detail of construc- 
tion w'liich we may note here because of its 
future importance is the fact that the main 
upper joint (hyomandibular) of the arch just 
back of the jaws is utilized to prop the jaw 
joint against the side of the braincase. 

The origin of the jaws is fairly obvious in a 
modern shark but even more so in Cladose- 
lache, an ancient Devonian shark which had 
already become an active salt-water dweller. 
Frequent finds of this form have been made 
in concretions in the deposits from the an- 
cient seas which once co\ ered the Cleveland 
region and have revealed not only skeletal 
structure but even such details as muscle 
fibers and kidney tubules. In Cladosclaclie 
the jaws seem obviously in series with the 
gill bars behind them. Here, too, we gain a 
clue as to the origin of teeth. The skm of 
sharks and other primitive fishes contains 
small pointed structures, or denticles, which 
gric it a sandpa[ter-hke texture; these den- 
tides are essentially similar to teeth in 
structure In Cladoselache the teeth which line the jaws are similar in 
appearance to them, and it is probable that teeth are merely denticles 
which lie in the skin along the mouth margins and have become enlarged 
and used m a new way 

Limbs. — The mam source of movement of a shark or any typical fish is, 
w’e bav e noted, by sideways undulations of the body and tail, which press 
the water back and the fish forward. Steering is aided by the vanous fins. 



ro«er Mcw of Uie head and throat 
r«gion of the De\oman sliarh Clado- 
telaclie to shon the >cnlral parts of 
the^li bars and tbe jan<, scewingly 
homologous wnth them The position 
of the nostrils (dotted lines) and or- 
bits may be seen, teeth are in posi- 
tion along the |ans CErom Dean ) 
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In all fishes e\en the jawless forms, median fins, lying along the 
midlme of the body — the anal and dorsal fins — help m steering and tlie 
caudal fin (also median) is a major propulsive organ The paired fins, cor 
responding to our arms and legs first typically appear in the jaw beanng 
fishes as accessory stabilizing organs In most fishes the paired fins have a 
narrow base in Cladoselache however, they are very broad at tlie body 
end and similar in structure to the fins of the back This suggests that thej , 
like the median fins, developed as simple flaps from the body In an old 
bottom dwelling ostracoderm, motion was presumably all in a horizontal 
plane, and vertical median fins were all that were necessary for steering 
and turning But with an active life off bottom, rolling motions became 
possible and had to be controlled The paired fins were to become struc 
tures of supreme importance 
m later vertebrates but m 
Cladoselache and other early 
fishes these appendages seem 
to have been merely stabilizing 
rudders 

Placoderms — iMembers of 
the sharks or higher bony fish 
groups, with jaws and fins of 
‘orthodox’ construction, were 
slow to make their appear 
ance preceding them m tlie fossil record m the earliest Devonian were a 
series of experimental models ’ m jaw and fin development, all of which 
became extinct before the close of the Paleozoic These were mostly gro 
tesque forms, quite unlike any fishes living today They are currently 
grouped as a special class of vertebrates, the Placodermi, the name re 
ferring to the fact that most were, like ostracoderms, covered to a variable 
degree by armor plating 

All had jaws The jaws of placoderms however, are frequently of pc 
culiar types and are seemmgly primitive or aberrant in build, nature was, 
so to speak, experimenting with these new structures Paired fins, too, 
were developing in connection with the new freedom which fishes were 
acquiring, but these structures were variable and often oddly designed 
(from a modern point of view) Tlie early placoderms were essentially 
fresh water dwellers, like the ostracodenas before them, but during the 
Devonian many of them had invaded the seas 

Of placoderms, the most normal" m appearance were the acanlhodi- 



Dugram to show the s lualion of the fins m fishes 
The domi caudal and anal fins all lie n Ute m dime 
the pectoral and pelvic fins however are paired struc- 
tures comparable with our arms and legs 
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nns., viMiiUy Unncd “spun sluiks” Ihc general body i>ioi)ortions utie 
sliuJvbkc, blit llit aciiitbodi ms ucremost ujisliarklike in other respects — 
puticuliiK the fxet lint tht> wtJe fully clad in well developed bonj 
sc des cofiip ir.ible to those fouml iii some of tlic Ingher bony fushes The 
hns in iinly consisted of si>ines — soinetimes of lai ge si/c — with, apparently, 
but a siinll web of skin beluiid them rurther, these acanthodnns had not 
“decided” how main pined ipi>ciulagcs were desirable, for some of them 
(such o-s tlie one illustrated) h nc several small extra spines and fins be- 



/l&or; a primitive jpiny shark CCiimaaiis) rrpiesenting Ibe oldest and most primitive stage in the 
evolution of jawed vertebrates The e htlle fishes only a hw inches long appeared in the Silunan 
and were abundant in the early Devon an Jaws were present but in a primitive condition Limbs have 
appeared as paired fins supported bj stout spines but were lariable in development tlie torm shomi 
sports several extra pairs (After Watson ) Behir an antiarcli — an armored placoderm with bony, 
]o nted arms ( Vfter Fatten ) 

tween the ones corresponding to the normal two pairs found lu orthodox 
fishes and higher vertebrates 

More common m much of the Devonian were the axthrodires (“jointed 
necked fishes ) In these the head and gill region was covered by a great 
bony shield, and a ring of armor sheathed much of the body, the two sets 
of armor being connected by a movable joint Peculiar bony plates served 
the function of jaws and teeth The posterior part of the body was quite 
naked In some forms there have been found true paired fins, but m the 
most primitive arthrodires all we find is a pair of enormous, hollow, fixed 
spines projecting outward from the shoulder region— some sort of holdfast 


\ERTFBIUTE BEGINNINGS THE I-\OLUTIO\ OF FISIIEb 


iO 


or balancing htiuctures. A third gioup of placodenns was that of the 
antiarchs of tlie De^ onian — ^giotesque little animals which had tno sets of 
armor like the arthrodires, but small heads, tinj nibbling jaw jilates, and, 
foi limbs, a pair of jointed ‘ flippeis ' piojccting fiom the body like bon\ 
wings Still othei (but poorly known) placodenns had reduced armoi and 
moie nonnal fin development and lathei suggest a tiansition fioin ai 
moled ancestois to shaik tvpes 



Restoration of Dimchthys giant Oe>on)aD arthrodire Hith a length of perhaps thirt) feet It is here 
shown pursuing the contemporary shark. Cladot^aehf (From Ileintz ) 



Side Mcw of the armor of tl e giant arthrodire Dmchik^t The head and chest shields moved freely on 
each other by means of a pair of ;oints (a) at eitl er aide of the nerk Tlie cliest region uas covered 
below by a broad plate which appears slender as seen in side view The armorc>l region was about 
ten and one^half feet long (\ftcr llcmtz ) 
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Most of the phcodcrnis were obviously far off the mam lines of verte- 
brate evolution, and few, if anj, of the known types may possibly be re 
garded as actual ancestors of later vertebrates As a group, however, they 
appear to represent nature’s first tssajs m the dev elopinent of jawed verte- 
brates Most of them were not, m the long run, successful, others — poorly 
known or still unknown — gave rise to the two classes of more advanced 
fishes 


SHARKLIKE FISHES 

Sharks — While a few of the earliest sharks remained in fresh waters 
until the end of the Paleozoic, the v ast raajonty of these forms tended rap- 
idly toward a marine evistenct and also tended rapidly to shed the an 
cestral armor Cladoselache w as far along m this ev olutionary process, and 
in the Carboniferous there appearcil the first rcpresentativ es of the modem 
shark order Tor several periods these foniis were none too common, per 
haps because of the raritv of suitable food for flesh eaters in the ancient 
seas Later there occurred a vast migration of bony fishes into the seas 
These higher fishes have been the mam source of food supply of the sharks 
from tliat time to this, and from late Mesozoic times to the present shark 
tv pes hav e been a conspicuous clement, although not numerically a large 
one, in marine faunas 

The living sharks for the most part adhere fairly closely to a common 
pattern of body form and function All swim by undulatory mov ements of 
trunk and tail, the latter with an upturned lip and the caudal fin dev el 
oped mainly beneath it (the common pattern m the earliest bony fishes as 
well) There are, however, great differences in speed and agihty, some 
forms being very speedy swimmers, others slow and sluggish The body, in 
contrast to the skates and rays, is generally rounded in section with little 
flattening, nor are the paired fins greatly enlarged There are no bony 
plates or true scales in the skm, but instead there is present a vast number 
of little toothlike denticles The mouth and nostrils are situated well be- 
low and back of the projecting “snout ” There are typically five normal 
gill slits, as m most bony fish also, but m contrast to these higher fish (and 
to chimeras as well) there is no flap of skm or bone covenng the gdl 
openings, on this account the sharks, together with their skate and ray 
cousins are often termed elasmobranchs ( strap gilled”) In front and 
above the regular gill slits there is often a small round gill sht of special 
nature termed the “spiracle” — a feature absent in most advanced bony 
fishes and m chimeras 
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In most sharks the dentition consists of numerous sharph pointed 
teeth These are relatively looselv attached to theja^s and are readily and 
rapidly replaced As the dentition suggests, sharks are universally eaters of 
animal food — mainly the ubiquitous teleost fishes, with squids as a second 
staple in manv cases Sharks are generally aggressively predaceous am 
mals, which will strike at almost any object It is probablj this general 
characteristic that explains most of the numerous instances of attacks on 
man, although a few forms — particularly the large white shark — seem to 
be especially dangerous 

The eggs of primitive vertebrates were probably of modest size, as they 
are today m such wideh varied animals as lamprejs, primitive bony 
fishes, and amphibians The water living larva which develops from such 
an egg must, we have noted, begin to seek its own food at a very earlj 
stage and often adapt itself to a mode of life very different from the adult 
There are thus maiiv advantages to the production of a large egg rich m 
yolk which will allow the embryo to grow to considerable size before hatch* 
mg A\e shall see later that the reptiles developed a large polked egg, and 
the sharks (and other cartilaginous fishes) do the same 

Such an egg, if laid unprotected m the water, would be an eagerly sought 
tid bit For protection the shark egg is covered, before being laid, by a 
horny pillow shaped shell But of course this egg must be fertilized before 
the shell is formed around it (In other fishes, insemination generally takes 
place after the female has laid her clutch of eggs ) Here internal fertihza 
Uon IS necessary To facilitate this, the males m sharks and other car 
tilaginous fishes have long extensions of the pelvic fins — the claspers — 
which aid the sperm in entering the female’s reproductive tract 

Internal fertilization has led to a further shift in reproductive methods 
m some sharks, skates, and rays Since the eggs are fertilized and begin 
development within the mother’s body before being laid, it is possible to 
retain the egg one step further and bear the young alive There are \er> 
few instances of this method of icproduction — termed “viviparity” — 
among fish groups other than the sharkiikc forms Only those which have 
developed large yolked, shelled, eggs and practice internal fertilization 
show any strong trend toward viviparous habits ^Vs we shall see, the 
other vertebrates, apart from the sharki. and their relatives, which have 
developed an egg of this sort arc the reptiles Many lizards and snakes 
have paralleled the sharks in beanng their young ahvc The viviparous 
process has reached its highest {leak in the mammals, of reptile discent 

Of the 250 or so known sharks, a verv few are thought to be rtlativd^ 
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priinitue because of the prcs>ence of one or two gill slits in addition to tlie 
nornnl fise llus is rather dubious, liowocr A better claim to pnmitue 
natiuL can be made for the Port Jackson shark of the western Pacific 
Ihis has a type of dentition with shar]) teeth in the front of the mouth, 
flattened teeth in back Vs a result this shark lias \ersatihtj in food selec- 
tion, for he can be, at will, a carm\ore or a mollusk-crusher In other fea- 
tures as well .IS this t>pe of dentition he resembles manj earls sharks of 
the late Paleozoic and earlj Mesozoic 

All the rcnmining sharks can be dn ided, for present purposes, mlo two 
groups of ^ cry uneipial size One, much the larger, is that of Upical sharks 
which are generally fast-swunming tyiics, with fusiform, torpedo shaped 
bodies and other features associated with efficient navigation The second, 
much smaller, assemblage, consists of fonus which suggest in one charac- 
ter or another an approach to the skates and ra^s, considered in the next 
section of this chapter 

In the first categors , the most active predators and, on the whole, the 
speediest members of the group arc the fonns known in general as the 
mackerel sharks — a name which m itself implies speed, for the true 
mackerels (which are higher bony fish) have the reputation of being among 
the speediest fishes of any type Among the mackerel sharks, tile largest 
and most aggressive and savage is (be white shark, which wid tacUc prc> 
of anv size — up to and including man \Miitc sliarks frequeatlj attain a 
length o/ tnenty feet, u/th thirty si\ ket as a record measurement T/iej 
are thus the largest predatory animals of the modem oceans In late ler- 
tiarj and Quaternarv beds, however, there are teeth of a shark of tlus tv pe 
which are more than twice the size of those of the living white shark W e 
can be thankful that the monster wluch bore them is not with us todaj 

From the white shark, typical predaceous sharks range m size down 
through a large series of forms of rather good size, such as the tiger shark 
and the blue shark — commonest of sliarks on the high seas of the Atlantic 
— to a host of little fellows termed dogfish, which are content to prej upon 
tiny fishes and invertebrates A curious side line is that of the hammer- 
heads — forms of normal shark build in every respect save one The front 
part of the head expands widely on either side into the shape of a double- 
lieaded hammer, with an eje at the tip of either head 

The largest sharks are not among the rapacious tj pes The two giants of 
the tnbe, and largest of any living fishes, are the basking shark and whale 
shark The two are not closely related but have taken on similar feeding 
habits and concomitantly assumed lai^e size The basking shark often 




Various sharks Above the whale shark (RAtnodon) largest of a}} 
fishes hvmg today with a length of about 50 feet in the larg 
est knonn specimens This form is rare hut widespread in the 
wanner waters of the world Despite its size however th s shark 
IS a harmless form with very small teeth and makes its living on 
mmute forms of sea life Some fossil sharks appear to have been 
larger although only incompletely known Rights the restored 
jaw s of a Tertiary shark {QarchaTodon) with a man seated therein 
to give an idea of the gape This lorm was related to the livt&g 
sand shark on an eaiUei plate and with tU powerful denU 
tioQ must have been a terror in Tertiary seas Delate thebammer 
bead shark {Sphyrna) from a pamtmg by Charles R Lji ght In 
this peculiar creature the eyes are placed in pronuoent lateral 
projections from the head (Photographs courtesy American 'Mu 
scum of Natural History New 1 ork ) 




Sfcafei and ray* V ratter sue 
cessful s dc branch of Uic stark 
group are the skates and rajs 
depressed bodied forms vtith Lte 
teeth flattened into cnisbing 
plates for feed ng on moUusks 
and other in'verlebratcs These 
bottom dncllers ha>e lost the 
tMiical body form of their shark 
rclatncs The tail has become a 
v^hlpIlke structure nbile the 
pectoral fins (corresponding to 
the arms of land % ertebrates) are 
greatly enlarged as may be seen 
from the figure of the skeleton 
and e%en meet u front of the 
no$e Swimming IS accomplished 
by undulations of these fins 
wb ch account for the breadth of 
Uie an mal— six feet m one form 
In another ray the fin muscles 
discharge electrical energj The 
form figured is the pnckl> skate 
(Raja scabrala) common on the 
northern part of the Vtlantic 
coast The upper figure shows 
the dorsal surface The large 
opening back of the eyes is the 
cpiracle a specialized first gill 
slit through wh ch water is tak 
en m On the white undersur- 
face can be seen the nostrils 
mouth and gill sbts The upper 
figure is a female that shown 
from the underside is a male 
with long claspers on the pelvic 
fins for internal fertilization of 
the eggs (Photographs courtesy 
American Museum of Natural 
Historj N ew "i ork ) 
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reaches forty feel in length and may exceptionally attain fifty feet or a bit 
less; the whale shark, heavily built, has a known maximum length of 
forty-five feet and an estimated weight of as much as thirteen tons. The 
food items of these sluggish and inoffensive giants are minute in nature — 
tiny invertebrates which are present as “plankton” in quantities of sea 
water which these sharks take into their throats and sieve through their 
gills. This is close to being a return to the habits of the little filter-feeding 
cliordate ancestors of the vertebrates. 

Now to consider the sharks which show suggestive trends toward the 
skates and rays. In that group of bottom dwellers the body is flattened, 
the eyes point upward, the spiracle (often lost in the major shark series) 
is present and of large size, the pectoral fins are expanded and fused to the 
body above the veatrally placed gill slits; and the tail is reduced and losing 
its fins, beginning with loss of the little anal fin. Let us follow down a series 
of sharks showing an increasing number of these skatelike features- 

First, the spiny dogfish and its relatives. These little sharks are very 
abundant in Atlantic waters, and a number of species of similar character 
are present throughout the world. Oddly, however, a related type (but one 
lacking spines) is one of the largest of sharks — the sluggish Greenland 
shark, very common in northern ^\aters and reaching more than twenty 
feet in length. In this group tliere are only faint traces of skatelike traits, 
such as the presence of a w^fl-devefoped spiracle and the suggestiw loss of 
an anal fin, detrimental if an animal rests on the bottom. 

Second, the saw shark. This form has a forwardly projecting rostrum 
armed with sharp teeth, much like a skate type termed the sawfish. The 
present form is not a member of the skate group but shows more indica- 
tions of a trend in that direction; additional characters seen here arc that 
the siiiracle is definitely enlarged, the pectoral fins are somew’hat ex- 
panded, and the front part of the body is flattened. 

Third and last in this series are the angelfishes. Tiiese go far in the 
skate direction, for, in addition to the features already listed, the eyes here 
look upward, the gills face partly downward rather than in the lateral 
position of sharks, and the pectoral fins are greatly enlarged, although they 
are not widely spread at their bases in skate fashion. 

Skates and Rays. — The typical sharks, as w’e have seen, are eaters of 
animal food which pursue thcjr prey through the water. But there is a rich 
source of animal food among the sessile or relatively slow-moving inverte- 
brates of the sea floor, particularly the mollusks and crustaceans. Some 
sharklike fishes became adapted for a moUusk-cating mode of life at an 
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cirlj date in sliark history , but the skates and rays, In mg members of tlie 
shark group ^\hlch Ine mainlj on “shellfish,” did not evohe until tlie 
recrudescence of shark life m late Alesozoic and Tertiary tunes 

Tjjucnl of skate and raj structure and habits are the common skates, 
found in shallow as nedl as deep waters in most parts of the world Most 
skates are of modest size although the e\pressi\ely named “barndoor 
skate” may ha\c breadth and length dimensions of as mucli as si\ feet 
We have noted briefly some of their characters m discussing, just above, 
some of the rather ‘■kateUke sharks In relation to their bottom feeding 
habits, the bodj is verj broad and flat Most of the breadth, however, is 
accounted for bj the verv great expansion of the pectoral fins outward 
from the body proper These have broad bases which attach to the bodj- 
all the wav forward along the sides of the head to the tip of the "snout ” 
Hie t 111 is reduced to a tajiering whiplash, and with its reduction the me 
dnn fins are likewise reduced These shifts m fin proportions are correlated 
with the tvpe of locomotion Unlike sharks, which progress by throwing 
trunk and tad into a senes of sidewajs curves, the skate progresses along 
the bottom bj undulatory lengthwise rippling motions of tlie great pec- 
toral fins, the tad is unimportant 

A diagnostic feature of tlie skate and ray grouj) is that the broad fin at- 
tachment passes forward above the gill senes and above the mouth os well 
This presents a problem in breathing, with gills and mouth both close to 
or in the sand or mud of the bottom, clear water cannot be taken in 
through these openings How ev er, the first gill opening, the spiracle, opens 
above the fin This serves as the water intake, it is a greatly enlarged 
opening not far behind the eje, and in a living skate it can be seen to 
pulsate rhjthraically as it pumps water into the throat to be passed out 
again through the gill slits below On the flat underside of the body m 
front of the gill openmgs is tlie broad mouth opening, its bounding jaws 
set sideways The teeth are small but numerous and are generally flat- 
tened sev eral rows of teeth are in service at the same time, and the tooth 
batten as a whole is a fairlv effective apparatus for crushing crustacean 
and mollusk food 

The skates, then, maj be taken as tjpica! of the group as a whole, but 
there are many variants Some of these are forms which are m manv re- 
gards transitional between sharks and the more tjpical skates and rajs 
For example, the sawfish has as a specialty a long rostrum anned on either 
side with teeth We mentioned earher a saw shark with a similar “saw 
In both the saw shark and sawfish the pectoral fins are but moderately 
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expanded, and swimming is accomplished by normal shark movements of 
the body and a well-developed tail. But in the sawfish — and not in the saw 
shaik — nesee a major “trademark” of the skate and ray group in that the 
pectoral fins run forw’ard above the gills to reach the head. The same gen- 
eral structure is seen in the guitar fishes: they also have a stout tail, swim 
like sharks, and have the pectoral fins only moderately expanded; but like 
proper skates and rays they have the giU openings below the forward ex- 
tension of the fins, with a large spiracle above for breathing purposes. 

The torpedos, or electric rays, are more advanced toward typical ray 
conditions, for the pectoral fins are so expanded that with the front part of 
the body they form an almost circular disc. The disc, however, is not very 
flexible, so that what swimming these 
sluggish forms accomplish is done by the 
back part of the trunk and the tail In 
these forms we meet with the first of 
several fish types which have developed 
electric organs. In the torpedo, which 
apj>ears to use this special development 
to shock and stun its prey, the organ is 
formed by modification of part of the 
large fin muscles. The cells of any mus- The great devil ray (J/onla), which may 
cle are structures which are capable twenty feet, 

of a sudden release of energy. In normal 

muscle this energy is spent in contraction, here it produces electricity. 

Still more specialized than the forms just considered and the skates are 
fonns to which the term “ray” is often restricted. In these the tail tends 
to be even more slender and reduced than in the skates, the disc of greater 
breadth The sting rays bear one or more sharp serrate spines on the tail; 
with the spines are associated venom glands. The eagle rays, some of 
which also bear tail spines, reach good size, with a maximum of seven to 
eight feet. They are notable for the de^’clopinent of tlie teeth into a pave- 
ment of very stout crushing plates which enables them to deal effectively 
with the stoutest of mollusk shells. Largest of all rays, reaching a width of 
twenty-two feet and a weight of a ton and a half, are the devil rays. Their 
appeaiance is even more grotesque than that of typical members of the 
group. The head ends bluntly with a broad terminal mouth; an eye is 
perched at cither side with a peculiar earlike flap extending forward from 
the ej 0 region. The eagle and dev il lays are know n to “flap” their fins in a 
fashion somewhat like a bird’s wings rather tlian progress merely by 
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iiiululatory iiioNLincntj, And it is cuiioiis that (niucli as m the largest 
sliarks) the \ery largest lays — the devil rays — live on the smallest of food 
inatciials, tiny jielagic animals uliicli are strained out by the gill ajipara- 
tus 

Chimeras — An odel side branch of the sliarkhke fishes is that of chi- 
meras, the rat fishes 'Ihcse arc marine animals, not over a feu feet in 
length, uhich are mainl> iiihabitnnLsof the deep sea but in some aieas (as 
the Pacific coast of the United Slates) maj be found m shallou coastal 
waters Like the fabulous monster after which they are named, their ap- 
pearance Is bizarre The head is short and deep with large e>es above and 
a small mbUlmg mouth below 'lUerc is a large spine behind the head, 
unlike the sharks, the gills arc protected by a large flap of skin, the pec- 
toral fins are large, at the back, the body t>pically tapers to a whijihke 
tail The males have a stiff structure irincd with sharp “teeth” projecting 
from the forehead Presumably this is associated with breeding habits, of 
which we know little, it is suggestive of caveman tactics m chimera 
courtshi]) Much of the diet appears to consist of mollusks and other hard 
invertebrates, and in correlation, most of the teeth arc fused into n set o! 
stout toothplatcs, one in each upper and lower jaw, further, to give a 
firmer bite, the up|)tr jaws, unlike those of sharks, arc finnl> fused with 
the bramcasc To this last condition the chimera owes its technical name 
— the order Holocejihalt (“fused heads”) 

With these grotesque tvpes we end our excursions among the lower 
sliarkhke fishes Thej have not, on the wliole, proved a success, many 
types are quite extinct, and the surviving groups constitute but a small 
percentage of living fishes 

HIGHER FISHES-THE SKELETON PROGRESSES, LUNGS BEGIN 

Much more important have been the higher bony fishes which consti- 
tute the vast majontj of the world’s present fish population and have oc- 
cupied this commanding position since the late Paleozoic 

Bone — The term ‘bony fishes” (Osteichthyes), which is applied to 
these types, is not an altogether fortunate one, for, as we have seen, bone 
IS an exceedingly ancient character m vertebrates But it w ill serv e to dis- 
tinguish them from the degenerate lamprejs and sharks of today, m which 
bone has been entirely lost It is onij in the bony fishes and the Ivnd forms 
descended from them that tins hard skeletal material has been efficiently 
and permanently used 

The bony fishes appeared in the Dev onian, the Age of Fishes, and al- 
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most immediately rose to a position of prominence m fresh waters In 
ancient bony fish the body was completely inclosed in bony scales, the 
liead and shoulders covered with stout, bony plates The top and sides of 
the skull were covered by bones superficially placed m the skin (dermal 
bones), and further plates protected the gill region, the shoulders, the 
throat, and the lower jaws Still others were formed in the skm lining the 
mouth, fusing the old upper jaws to the skull and supplanting them for the 
most part “ ka^^-^J^jnenls tended m great measure to replace the 
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A Pnmiitve fish lung 


The evcJuUoQ oIluDgs and s^vun bladder Lungsappear to ha\e been present in early bon^ bshcsas 
simple paired sacs opening out from the underside of the throat In land forms these haie persisted 
hutmthimpro%edefficiency owing to foldings of the internal walls of the lungs Inmost fishes how 
eier the structure has been much modified The sac and its opening have shifted to the top of the 
throat andthesacservesnotasalungbutasabjdrosUUcorgan the air bladder These eioIuUonary 
stages are diagrammed abo\e In each case there is shown a section across the body and a longi 
tudinal section of gut and lung to show the changes tn their relative position (Based on a figure by 
Dean ) 

shark cartilages not only m the bramcase but m the bodv and limb skele- 
ton as well It IS of interest that llie pattern of bones laid down m these 
old fishes ina\ be traced, with modifications, into almost e^ery later and 
higher \ertebrate type Almost eveiy element of the human skull can, for 
example, be directlv compared with a corresponding element in the skull 
of ancient bon> fishes Higher forms hiac often lost old bones, but oiilj 
rarely ha\e new ones been added 

Lungs — A still more characteristic feature of bon> fish appears to h i\e 
been the earlj <le\ elopment m them of lungs or lunghke structures 
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usually think of lungs as attributes of land annnals But m tno diverse 
t>pcs of jinnntive living bony fishes, functioning lungs are still present 
todav , and there is strong c\ idcncc suggesting their univ ersal presence in 
the oldest bonv fishes 

Ihe reason for this development of lungs may be found through a con 
sideration of jirobable Devonian clunitic conditions The Age of Fishes 
was, it is believed, a time of violent alternations of seasons, much as m 
certain regions of the tropics today, there were rainj ‘■wavons alternating 
with times of severe drought If the streams and jionds e namen the oldest 
fishes were hv iiig tended to drj up, the water would bcKttne stagnant and 
foul, lacking the necessarv oxjgcn for water breathing Such conditions 
would militate strongl) against sharks and other lunglcss fislics But if 
some sort of membranous lung sac were develojied m the throat, a fish in 
such a pool could come to the surface, gulp down air, and breathe at 
mosphcnc ov^gen m default of o\>gcn m its native waters 

The primitive lung appears to have been a double sac l>mg on the un 
derside of the chest region of these fishes Ihis is esscntiall> the t> pc which 
has been retained and develo|>cd m land animals and is found toda} 
among a few tropical fishes which live m regions subject to seasonal 
drought But m most later fishes the original lung structure has been much 
modified It is obv lous that a lung on the underside of the body renders an 
animal floating in the water top heavy, and m most living forms the air 
sacs have been fused into a singie bladder like structure which hes above 
instead of under the throat 

Further, in times bejond the Devonian, climatic conditions appear to 
hav e been less fluctuating and the lung of comparativ ely little importance 
as a feature of survival value This sac has in most modem fishes ceased 
to function m breathing but has been turned to a new use By fiUmg the 
sac with air, or with gas secreted in its lining, specific gravity i» reduced, 
and the fish tends to rise m the water, upon emptying it the fish tends to 
sink The old lung has become a hydrostatic organ, analogous to the 
ballast tanks of a submarine 

FISH ANCESTORS OF LAND VERTEBRATES 

At the very beginning of their history the bony fishes had divided into 
two groups One, that of the ray finned fishes, or Actmopterygii, will be 
treated m a separate chapter The second group, sometimes called the 
Choanichthyes but whicli we shall term the Sarcopterygii, or fleshy finned 
fishes, will be discussed here These forms have not as fishes, been a sue 



VERTEBRATE BEGINNINGS THE EVOLUTION OF FISHES 


5D 

cess, but they are of immense evolutionary importance as the slock from 
which all land vertebrates have arisen. 

The fleshy-finned fishes in turn are div'isible into two orders — the Jung- 
fish, or Dipnoi, and the Jobe-finned fishes, the Crossopterygii, both almost 
extinct at the present time Although the crossopteiygians are actually 
closer to the line of ascent, we shall first describe the lungfish, since their 



ans 

living representatives show many of Uie traits expected in the fish ances- 
tors of land forms. 

Lungfish. — ^The Dipnoi include today but three forms, one of which is 
present in each of the three southern continents. One is found in rivers in 
the interior of Australia; a second in the upper part of the Nile Basin of 
Africa; a third in South America inliabits the snampy region of the Gran 
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Cliaco, m western Paraguay and adjacent areas It is of interest tint these 
are legions subject to seasonal drought and lienee are liabitab> in which 
lungs inaj be liighlv useful The lungfish group dernes iLs jiopular name 
from the presence of these organs, ajiart from twoarchaicra> finiitd forms 
(intiitioncd latei) which dwell under comparable conditions, the^ are the 
only liMiig fishes which ha\c retained functional lungs Lungs are so vital 
a part of lungfish econoinj that tht\ aie apparently neccssaiy for normal 
life as well as during drought An iVmtncan scientist, Homer Smith, in his 
book Kamouqo, tells how for a long time Ins efforts to keej) African lung- 
fish alue failed because he thoughtlessly kept them m shallow tubs of 
water Under such conditions tlie^ were uiuble to tilt their bodies stif- 
ficicnth to get the mouth abo\e water and take m air, the poor fish had 
tlrowncd 

In most fishes the nostrils arc merely pouches, containing water, in 
which the olfactor\ sense functions In the lungfish, howc\ei, llie jaw con- 
struction has been so modific<l that there is an opening from the nasal sac 
to the inside of the mouth a> well as to the exterior This opening is jiotcn* 
tinlly useful for allowing an animal to breatlic air at the surface without 
opening the mouth anel thus '‘shipping water," although the lungfish 
tlicmselvcs apjicar not to use it in this fashion Internal nostrils of tins sort 
arc present m all land \ ci tebrates but arc found m fisli onl> m the lungfish 
and certain of their croasoptcngian cousins 

Apart from nostiiU, lungfishcs and their lobe finned relatnes }ia\e 
mans common fcaluics which show that together the\ form a natural 
group e mas cite the sigmficanl fact that m both gi oups the paired fins 
have piomment fleshv lobes, thoj contrast stiongh with tlioae of the 
actinoptervgians, which are supjioi led onK b\ horns rajs Ihe soft anat- 
omy of file lungfishcs ie\ eals mnn> structures, in the nerv ous sj stem, blood 
vessels, etc , which aie highly comparable to those found in primitive land 
dwellers, and in the earlv stages of their development a lungfisli and a frog 
show almost identical conditions Lungfishcs are thus close to the ancestr^v 
of land animals But theie are certain sjiccializations whiclishow that tliej 
are slightlj off the duect line The lungfish <are, in part, eaters of small 
mollusks and crustaceans, then jaws are |>eculiarly modified for this diet, 
and the specialized teeth aie fused into fan shaped cruslung plates The 
lungfish are, so to speak, not the ancestors but the uncles of laud dw ellers 

As our figuies show, the oldest fossil lungfish were similai m many re 
gaids to then crossoptengian cousins m general body proportions and fin 
structure llie paired fins weie long, stout, leaf shaped organs, scale- 




Canned tungfish The Vfncan and South \tnencaa lungfish ha^e the ability to burrow into the bottom 
and pass the season of drought m a mud cocoon It has been found that the tfrican form 
illustrated iiere can be persuaded to form its cocoon in a (m can and thus be tvadil} transported tMicn 
desired the can may be opened and the fish rcmo\ed onplacingit in the natcr it soon resumes its normal 
activities Thispolenliahty of passmgahotordry scasoninacond tionof rcduccdbody activity is termed 
aestivation and corresponds to the hibernation of many animals in cold climates Vbovc are shown stages 
m the opening up of a canned lungfish On thenexl plate isslownaspccimeuman aquarium shortly after 
removal (Photographs copi right General Biofog caJ Supply House Chicago) 



Fish relalives of land animals Above, the African lung- 
fish (Prolapterua) Although tlie living lungfisb are quite 
speciali2ed m a number of regards, they retain many 
features to be expected id the ancestors of land t>'pes 
Closer, boneser, to this ancestry are the lobe-finned 
fishes (Order CRossoPTEiiYCtt). tuo examples of which 
are illustrated The group is nearly extinct Ibght, a 
restoration of Euathcnopleron, a fossil Devonian form 
frequently found in American deposits Its fins appear 
to hav e been stout enougli to support it. as shon n here, 
on a stream bank Below, Latimeria the only surviving 
lobefin, representing a side branch of that group long 
thought to be extinct but recently found alive m the sea 
oS the Comoro Islands (ProtopUrus courtesy New 
York Zoological Society, EuathenopUron from a paint- 
ing by F L Jaques under the direction of t\ K 
Gregory, courtesy American Sluseum of Natural His 
tory. New York Lalimena after Alillot ) 
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covered, with an internal structure that surely included fin muscles as v, ell 
as good skeletal supports. In the median fins, the tail fin was originally, as 
in all early bony fishes, an upturned sharklike affair. Above, there were (as 
in crossopterygians) two median fins; below, a small median fin lay be- 
tween tail and anus. If we follow through a wjries of successive fossil forms 
toward and to the living types, we see the tail fin gradually straiglitening 
out (as it did in many crossopterygians) and a backward movement of llie 
other median fins, so that by modern times all have fused into a single sym- 
metrical structure surrounding the hind end of the body The African and 
South American forms have become still further modified. The body has 
become elongate and rather eel-like, and the paired fins have become slen- 
der structures of relatively little importance In the South American foim 
the pelvic fins have become accessory water-breathing organs; with a rich 
blood supply to the feathered-out margins, they function much like a pair 
of gills. 

The presence of lungfish in the tropics of the southern continents vvitli- 
out representatives in. the intervening areas is a type of discontinuous dis- 
tribution which we shall encounter time after time in other groups of fresh- 
water or terrestrial animals. In this case, as in most, it is explained by the 
fact that in earlier geological periods the ancestors were widespread in 
northern continents but have become extinct theie — frequently, it would 
seem because of the unfavorably cold climates which developed in the 
north during Cenozoic times. 

The Australian lungfish is found only in a few rivers in Queensland; 
known locally as the "barramunda,” it is a large fish, reaching six feet in 
length. In times of drought its lungs enable it to survive in the stagnant 
w'ater of drying pools. If the pool dries completely, however, the bar- 
ramunda is in difficulty, although it may stay alive for a time by wal- 
lowing in the mud of the pool bottom. 

The African and South American iungfishes are smaller animals of eel- 
like shape. They are closely related and of similar habits. They are more 
highly adapted to drought than the Australian form, for they can success- 
fully survive the comi)lete disappearance of the waters in which they nor- 
mally live. In the Gran Chaco of South America, for example, there are 
vast areas whiclz for much of the year are shallow lagoons. But during the 
southern w’inter, in June and July, they dry up completely. At the onset of 
these conditions the lungfish digs a burrow in the mud of the pool bottom 
and, curling within it, lives in a state of portly suspended animation until 
the rains begin and the waters return. That this habit is no recent (level- 




Tiie evolution of the lungfish a senes of fossil and ftving forma shovving changes in general propor 
tions and hn structure A the earliest fossil lungfish (Dtplertta) The median fins are all separate 
and tlie tail tilts strongly up vard tl e v hole appearance is similar to that seen m tlie related lobe- 
finned fishes B asomcvvhatlater fossil type (Sniuinraacin) tliefinsaretendingtoconcentrateatthe 
back end of the body C the Iiv ing \ustral an lungfish {Eyictfatodus) the tail is stra ght, and the 
median fins have fused into a single structure D the Afrcan lungfish (Proiopltms) and E the 
South Amencan form (Lepidoftren) si ow a tiansformation into an eel like shape and reduction of 
the paired fins (1 after Traquau- B after IIiissaLof C E from Norman A History of Fishes) 
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oi)meiit is shown by the fact tiiat there liave been recently discovered in 
late Paleozoic sediments in Texas ancient lungfish burrows — occasionally 
containing the remains of a fish which failed to survive and revive success- 
fully. Many animals in temperate zones tend to “hole uj)” over the \\ inter, 
a process termed “hibei nation”, this comparable trick of the lungfishes 
and some other trojncal animals of remaining quiescent during an inhos- 
pitable summer season is reasonably termed “aestivation.” 

Crossopferygians. — The lobe-finned fishes, or crossopterygians, are the 
group which we believe to have included the ancestors of land vertebrates. 
Lobefins were abundant in the Devonian, like the related lungfish; m later 



A, B, the underside of the Iieod in » sherJ, end in e ]obe*hnned SsJi to shoiv the de\o)o(>inonl of l)i9 
internal nostrils by a forward ^owlh of the jans into the n<strij rejiion, C, D, the same Leads sec- 
tioned m side view In the sliarE the nasal pockets lie in front of the mouth, a forward growth of 
the jaws to the extent indicated by the dotted line would bring one of the nasal openings into the 
mouth cavity 

periods, however, they dwindled rapidly, and no typical member of the 
gioup survived the end of the Paleozoic. In consequence, our know’ledge 
of tliem is more lestiicted than is llie case with the lungfish. From tlie 
fossils we can gather much information about other organ systems as well 
as the skeleton, and we feel confident that in the typical older lohcfiiis 
there weie present many of the fcatuics, such as internal nostrils, lungs, 
etc., in which the lungfish resemble land types. The old crossopleiygians 
had avoided the specialized diet and iclalcd dental jieculiarities of the 
lungfish, and m almost evciy icspcct the skeleton can be closely comp.iied 
with tliat of pnniitiv'o amphibians. These fish lack typical legs, of couise. 
But thcipfins aieof exactly the soil one would expect to find in an ancestor 
of the ainphihians As in lungfish, the fins contain a fleshy lobe, within 
which are bony skeletal stippoiU. Of these bones only one attaches to the 
shoulder skeleton. At its fai end arc found two elements foriiiiiig a second 
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fill joint, while beyond tlm theiehtan irregular branching sertes of bones. 
This is a jiattem basically comparable to that of the leg of a land animal. 

Typical lobcfins were fresh-water fishes which, as we have said, became 
extinct early. Much Iongcr-li\ed were members of a side branch of the 
lobcfins termed the coelacanllis, in which the head was shortened, the 
body became stubby, and there were vaiious other departures from the 
typical crossopterygian pattern. The coclacanths early migrated into the 
Seas and therefore departed widely in habits and, presumably, in various 




Ti'pical Devonun crossoptcrjgians, or lobe finned fisiws, doacly related to the ancestry of bnd ani- 
mals Abote, Iloloptychiui, a form nbich is closely comparable in general contours to early lung- 
fish seen on p 62 Beloxc, OatetAepu (From TVaquair and Smith Woodward ) 


functions and internal structures in relation to this environmental shift. 
Fossils of marine coelacantlis have been discovered in many formations of 
late Paleozoic and Mesozoic age, but there is no trace of coclacanths in any 
deposits of the Cenozoic It thus seemed that they had become extinct 
some 70 million or so years ago, and in consequence it used to be flatly 
stated that crossopterj gians of all sorts, both typical and specialized, were 
long since extinct. 

But this statement was of course based on negative evidence only; and 
any one piece of positive evidence is sufficient to refute any belief based on 
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negathe grounds. Such positive ewdencc we now have, and those of us 
who used to be so emphatic about crossopterygian extinction have now 
eaten our w ords — \vitli great pleasure. 

In 1939 a commercial fisherman, trawling off East London, South 
Africa, brought up a type of fish he had ne\er seen before — a big, deep- 
bodied, five-foot fish with large, bluish scales. He brouglit it ashore as a 



Fish fin n land lunb Tlie shoulder girdle and lunb of a lobe finned fish (A) and of a primitive am< 
phibian (B), placed in a comparable pose The main elements of the limb — humerus, radius, and ulna 
(A, r, u) are clear!} homologous m the tno enses, and the irregular brandies of the distal part of the 
fish fin haie settled don n to tlie pattern of toes of a land animal 



A fossil coelacanth The coclacantbs are crossopterjgians, related to the ancestors of the hnd \ crtc- 
brates They base been long known .'is fossil forms, and the old figure shoun here isas based on ma- 
terial from ^Iesozolc rocks Tliat the restoration was essentially correct is pros cd by the discos er} of 
a lising coelacanth shosm on an accompanjing plate ((rom Traquair ) 

curiosity, and, since its oily body was decaying, it was skinned, stuffed, 
and mounted. \Yhen a zoologist from a nearby college was consulted, he 
recei\ed a surprise which nould have been little greater had he seen a 
dinosaur walking down the street. For this unknown was a coelacanth, a 
lobefin belonging to a group supposedly extinct since tlic dajs of tlje 
dinosaur:,. 
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Little of tliii animal remained for scientific study except the skin and 
outer skull bones Butsuiely this si>eciiucn lepresentcd astray from some 
region off the East African coast where presumably a colony of these sup- 
posedly extinct coclacanths still survived. The outbreak of World War II 
prev enled immediate search for coclacanths. Once the war ended, however, 
the scientist concerned. Professor J. L B. Smith, circulated descriptions 
of the animal widely up and down the coast. Presently the coelacanth 
home w.is discovcicd — in deep waters off the shores of the Comoro Is- 
lands, north of I^Iatlagascar Already a number of specimens have been re- 
covered and are being intensively studied by Professor Millot of Paris and 
his colleagues As this is written, these studies are far from complete, but 
already many facts have come to light which show that, as expected, the 
coclacanths combine specializations associated with their long life in 
marine waters with many primitive features retained from the early days 
of crossojitcrygian existence As a sinking example: although the coela- 
canths have been for many millions of years marine fishes to wliom lungs 
are useless for breathing purposes, they still ictnm them os a pair of ven- 
tral outgrowths from the throat, much m the fashion of their ancestors of 
Paleozoic fresh waters 



CHAPTER 3 


Modern Fishes 


While the fleshy-finned fishes, the crossopterygians and lung- 
fishes, have been of major importance as ancestors of higher vertebrates, 
they have played but a minor role in the drama of fish history'. Here the 
important roles have been played by membei-s of the other major grouj) of 
bony fishes — the Actinopterygii, or ray-finned fish. 

As has been indicated, the group derives its name from the structure 
of the j>aired fins. Exceptional cases apart, these are composed only of a 
web of skin supported by horny rays. Flesh and bone do not invade the 
fin to any extent and are confined to its base alone. There arc, however, 
many other differences bet^veen tliese forms and their cousins, the Sar- 
copterygii, including marked differences in the structure of the scales, dif- 
ferent patterns of the bones of the head, lack of internal nostrils, etc. 

What the factors are that have been responsible for the success of the 
grouj), it is difficult to say. One item of interest has to do with sense organs. 
Like most vertebrates, the Sarcopterygii appear to have been largely de- 
pendent on the sense of smell for their knowledge of the external world, 
and the eyes were not markedly developed. In the ray-finned grouj) tljc 
olfactory organs are present but relatively unimj)ortant. The eye.s, on the 
other hand, tend to be large and apparently are the dominant sense or- 
gans; this contrast is reflected in the brain organization. Eyes may thus 
have been important in actinopteiy’gian history. 

The air bladder, too, may have played a part in their success. Only the 
most i)rimitivc of rayfins retained a lung. In this grouj) alone is found the 
transfonnation of this structure into an air bladder, a hydrostatic organ 
which, as suggested in the last chapter, may have ])rovc(l of great util- 
ity, particularly in tlie seas which have been the home of most later 
actinoptciygiuus. 

Still more imj)ortant in the rise of the niyfiu', may have been the mere 
force of number'.. In other groups of fishes there tend to be but relatively 
few eggs laal from a few dozens to a few hundreds. Here, however, tlie 
egg-», allljough ^inall in size, may nuiii}>cr thou>aj»d> or even millions for 
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every female. Other fi.sh, such as the Sarcopterygii, may liave gone in for 
conservation of the individual, laying fewer eggs, furnished with a more 
abundant food supply of yolk. But quantity not quality has been the 
actinopterj’gian motto. Individuals may die In shoals, but the fecundity of 
the race will fill the ranks again in a short time. 

PRIMITIVE RAY'FiNNED FISHES 

The oldest rayfins (the palneoniscids) apjjearcd in the Jliddle Devo- 
nian. They were, however, not particularly abundant at that time and 
were greatly oulnnmbcrcd by the conlcmporary lobe-finncd fishes and 
lungfish. 

Two living African fish represent the earliest ray-finned stage, although 
in somewhat modified form. The biclur, or Pohjpterus (“inany-finned”), 
is the better known of the two. Like the oldest fossils, the fish is covered 



Potypleru$,a,\\ .African fish repre^nta a |><‘rsL.tciit (it somewhat spcci.ttizcd) tleawniianl o[ tlie 
patconUcidi of the Paleozoic, the most primitneof li\iiii; ray-rinneJ h>)ics. (.tftcr .Vgassiz. aoUiSed.) 

with thick and shiny bony scales, and there are many primitive features. 
Jlost interesting is the fact that wc find here alone, among living rayfins, 
well-developed and functional lungs opening in primitive fashion from the 
underside of the throat. This is to be correlated with the fish's habitat — 
the upper Nile and other tropical African areas where seasonal droughts 
occur. The fins have changed soinewhut, howe\‘er, from tlie primitive type, 
not only in the division of the back fin into the series of sail-like structures 
which give the fish its name, but also, most unusually, in the fact that the 
pectoral fins have developed a fleshy lobe. This last feature caused Polyp- 
terns to be included among the crossoptcrygians for many decades before 
its proper place was realized. 

Two other types of fish, both present in ^Unerican waters, also represent 
survivors from an early stage of evolution of the rayfins — the sturgeon and 
the paddlefish, or spoonbill, of the Mississippi. These types represent a 
somewhat more advanced condition, for they possess a typical air bladder 
rather than a lung. On the other hand, the fins have remained more primi- 
tive than in Polypterus; the tail fin, for example, is still essentially shark- 


Four primitive ray finned fi»hes 
Most Jivuig rayfins are teleosts — 
the h gliest subdivision of the se 
nes Of the few survivors of more 
prim live actinopterygians a ma 
jorily are found m the United 
States Top the paddlefish or 
spoonbill cat {Polyodon) of the 
Mississippi which may reach 200 
pounds m weight It is degenerate 
in many ways and has become a 
bottom dwelling mud grubber with 
a long spoon shaped snout It still 
reta ns a sharklike tail Next below 
the sturgeon (Aetpenser) also rather 
degenerate note the peculiar feel 
ers at the mouth Little cherished 
except for caviar the sturgeons are 
found in various regions of the 
northern continents including the 
Mississippi Valley and Great Z^ahes 
Third the bowfin or fresh water 
dogfish (4mia) a form not far be 
low the teleost level It is a common 
lake fish of the Aliddle ^^est and 
South The gae pike (LeptdaiUus) IS 
a Mississppi Valley tnhab tant no 
table as one of the few living fishes 
which have retained the thick 
ganoid scales of early fishes The 
form shown is the giant alligator 
gar of the southern states (Po/yo 
don and Lepidosteug photographs 
courtesy Amencan Museum of Nat- 
ural History Acipenser and Amia 
courtesy New York Zoological So- 
ciety ) 
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The most primitive roy finned fish 
Aboie a restoration of CluiroUpis 
of the Middle Devonian oldest 
actmopler>gian (hrom a painting 
by F L Jaques under the direc 
tion of ^\ K Gregory ) 

An Australian sea horse Phyllcp- 
leryx below diSers from the ordi 
nary sea horse in peculiar out 
grovithshheseaaeed (Photographs 
courtesy \merican Museum of Nat 
ural Uutory ) 


Color change in fishes Aboie two catfish kept for a day m 
dishes with light and dark backgrounds respectively show 
color change Ilctow two photographs of the same specimen 
of Oounder placed on different backgrounds m this form 
there is a tendency for change not merely m color but in pat 
tern as well Such changes are initiated by vision for if the 
animal is blinded the skin becomes permanently dark and 
there is no response to the environment The color changes 
are cffccled chemically by ncurohumors substances given off 
eitlier by nearby skm nen cs or by the pituitary (Catfish 
courtesy G II Parker Sounders after S 0 Mast ) 
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larval teleosts Lejt, Urva] eels, termed Lef^ocepkalut These are thin, translucent, and leaf shaped The 
lar\ a of the European eel is 3 inches long before the ' leaf ' turns into a smaller cylindrical baby ctl Right, 
tiny flounders In contrast to the pancake-shaped adult, the young are slender Note that both es (seS’n 
as black dots) are already on this upper surface, the left eye having migrated around the upper edge of tlic 
head (Photographs Courtesy H C Bigelow ) 


Unusual teleosts Many of the 
modem bony fishes are familiar 
from the dinner table At the 
right and overpage are figured 
some of the mow unusual types 

Deep sea fishes In the lightless 
depths of the ocean are numbers 
of teleosts ^hich have become 
adapted to conditions there In 
this scene (irota a museum ex 
hibit) a carnivore with an enor 
mous mouth {Chauliodus) is seen 
pursuing a flock of big heads” 
(Melamphids) (Photograph 
courtesy American Museum of 
Natural History, New York ) 

The four-eyed fish (.^naiUps) A 
small fish of the American trop 
ics vkhicli swims at the surface 
Each eye is divided into two 
parts externally, the upper part 
adapted for vision in air, tlie 
lower for water vision 

The sea robins (Prionolus) are 
common fishes of the Atlantic 
coast, usually found on the bot 
tommshallon waters, when dis 
turbed they may bury them- 
selves to the eyes la sand The 
front rays of the pectoral fins 
raoi e separately and can be used 
as digging organs (Photographs 
courtesy New ^ork Zoological 
Society ) 
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Th« mudsk pper (Penophlhal 
muj) whch lives along the 
coasts of the 01 1 \\ orM tropics 
Unlike ordinary telcosls the fish 
1 as muscular fins hj means of 
\ Inch it 1 $ able to lease tl c s\a 
ter and crawl oser lie mud 
fiats and Uic roots and lower 
hrar cl cs of mangroves near the 


The electric eel Ti isfish (Uymno* 
tus) of tlie Orinoco and Vma^on 
reg ons s eel 1 ke m shape but is 
actually a relative of the curp 
and catfish Its pecul anly 
(si aredw th several other fishes) 
s tl at parts of its muscular sys- 
tem are so mod fied as to have 
become a powerful electric bat 
tery The voltage averages about 
i>50 volts (about five times that 
of ordinary house current) it 
can be drawn on for enough 
pow er to 1 ght more Uian a dozen 
ord nary lamp bulbs — enough 
for an apartment 


The archer fish {ToxoUs) of the 
East lodes derives its name 
from the fact that it can accu 
rately shoot drops of water to 
capture nsects or sp ders near 
the surface (kU photographs 
courtesy New 'iork Zoological 
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like, ith the tip of the body tilling up into the upper part of the t\\ o-lobed 
tail. Again ■\\e find degenerate features, for the scales have been in gieat 
measure lost, and these fishes are long-snouted mud-grubbers ^\ith feeble 
jaws. 

In tlie Mesozoic era the rayfins were the dominant fishes and nere pro- 
gressing toward modern conditions. The only survivors today of these in- 
termediate members of the group are two common American fishes — the 
long-snouted, shmy-scaled garpike, common in rivers of the ilississipiii 
system, and the bowfin, or fresh-water dogfish {Aviia), a typical lake fish 
of the Aliddle West and Soutlr. Tlicse fishes are fiesh-water forms, but 
most of the Mesozoic actinoj>terygians had migrated into salt water, and 
the seas were the centers of later evolution of tlie group. 

TELEOSTS-THE DOMINANT MODERN TYPE 

Toward the middle of the Age of Reptiles there arose the teleosts, end 
products of actinoptcrygian evolution No sharp line of demarcation marks 
them off from their ancestors, althougli technically they can be character- 
ized by numerous details such as the assumption of a superficially sym- 
metrical tail fin, thinning of the scales, etc. The teleosts form an over- 
whehning majority of all living fishes, including every fish familiar to us 
except those already mentioned — every food and game fish, every fishy 
inhabitant of the fresh w'aters of the northern continents (except their four 
primitive relatives cited above), and the vast majority of marine fish, 
numbering perhaps 20,000 species 

These fishes constitute about half of all living vertebrates. How should 
they be treated here? To give them their just due, half of this book should 
be devoted to teleosts. But if that were done, I suspect, good leader, that 
(unless you are an ardent fisherman) you would give up at this point (and I 
ivould be inclined to do so myself)* On the other hand, you might say th.it 
there are just too many of these creatures; that fish are fish, and let us skij) 
them and go on to some more interesting topic. But that w ould be equally 
unfoilunale. I propose to compromise. The accompanying figures give a 
series of fairly representative teleosts, and I shall, referring to the illustra- 
tions by number, giv'e a brief account of the groups which they represent. 
TJie order m winch tJiey are arranged is to some degree arbitrary but so 
are all existing atleinjits by learned ichthyologists, none of whom ha.s ever 
evolved a generally satisfactory systematic arrangement of the compo- 
nents of this overwhelmingly large group. 

The first teleosts appeared at about the middle of the Mesozoic era and 
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by the end of the Age of Reptiles were already the dominant fisli t>pes 
BroadK viewed, most teleosts may be arranged in two categories, both 
with central types and both wiUi aberrant side groups, some so far re 
moved that their relationships are in doubt To pick obvious differences 
between the two, readily seen m surface views (or pictures) the primitive 
forms h ue the fin webs supported by relatively soft and pliable rays, and 
tlie paired pelvic fins tend to remain in their prunitivc position, well back, 
along the ventral side of the body, in the advanced forms, part of the fin 
supports are stout spines and the pelvic fins move forward to the shoulder 
region or bej ond 

Small teleosts of a primitive nature, which would have appeared when 
alive something like herrings, are the oldest of known teleosts Ihe her 
rings (1) and their relativ es such as the sardine, alewife, shad, anchovies, 
menhaden, and that great gome fish, the tarpon, are a very primitive and 
generalized senes of teleosts, which have departed little from the primitive 
pattern 

A bit more advanced arc the members of the salmon group, such as the 
Atlantic salmon (2), the Pacific salmons, the trout, whilefish, smelts, 
grayling and cvpchn many are readily identifiable by the presence of a 
small fatty fin abov e the base of the tail Typical members of the group are 
confined to northern temperate and Arctic regions There are southern 
temperate zone river fishes of troutlike appearance and habits but of 
dubious relationships Primitive teleosts were probably evolved m marme 
waters but manv members of the salmon group breed m fresh waters, and 
a number are permanent fresh water dwellers On the other hand, a num 
ber of forms assigned to the group mliabit the deep sea 

Beginning now to depart from primitive stocks among primarily manne 
fonns w e may mention the fl\ mg fishes (3) and needlefishes (4) The two 
are common members of a teleost order, bound together by certam techui 
cal characters, but they are evccedinglv different m all obvious regards 
The flv ing fishes are common traveling m schools on the high seas m the 
warmer regions of the ocean The jaws are short, and the pectoral fins 
greatly enlarged Their flight is due to alarm or for escape from enemies 
Thev shoot rapidly to the surface, taxi a distance to get up speed, and 
set off on a flight (actually a glide) which maj last half a mmute or so, 
maj extend several hundred yards, and may take them well above the 
water Some members of theflymg fish family have smaller fins and longer 
jaws and are transitional to the slender, small finned, and long beaked 
needlefishes — voracious forms some of which run to five or six feet m 
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length A curious ■variant on the needlefish pattern is that of the half- 
beaks, m which the upper jaw is short, the lower one long This would 
seem to be an unsatisfactory eating arrangement, but the animals thriv e, 
nevertheless, and it is of interest that in at least one of the needlefish, the 
young are seen to develop a lower beak before the upper jaw elongates 
Deep sea fishes, living in twiligbtor utter darkness m depths where food, 
friends, and enemies are rare and hard to find, have developed in a num- 





An nibum of teleosts In this and tiie three illustrations that folio v arc shown a aniall sample of ti c 
varied members of this group ThefiguresaremainlvffomBgcJon'andSc) roeder or Goode and Bean 
a lew are from Jordan and Ficrmann 1 Clvpea the hemng 2 Salmo the Atlantic salmon 
3 Cljpsdunt* a fl>irg fish i ScombresoT the needlcHsh oS decp-senfisl es for which in general 
there are no popular names C/iaafiodus Diaphom Eurypiarynx AUroeaiulta 

her of teleost groups Pigurcs 5-8 show a few of these forms vvhicli 
have split off from some of the more primitive slocks We have men 
tioned tint some s'llinonoids have descended into the depths, the little 
but voracious viper fish (Fig 5, also shown m a plate) with its large 
mouth and fanglike teeth can be identified as a salmomd bj its little fattj 
fin at the tail base \lso presumablj of salmonoid origin ore the lantern 
fishes, so called because they bear along the flanks a senes of phosphores- 
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cent organs with the ai)pearancc of a row of lighted portholes. The one 
pictured, the headlight fish (C), gels its name from the fact that it has an 
additional large “light” at the tip of the snout. Some of the most grotesque 
of all deep-sea fishes are the gulpers (7), possibly related to the eels. A good 
proportion of the whole animal consists of an enormous mouth and throat; 
food seldom descends to the dcptlis where the guljiers live, and when it 
does, the fish must be prepared to make the most of it. A final deeji-sea 
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the codfish 13, llormyrti* 13, Esox, a pike H, Gambuna, a cj-pnnodonl IS, Ictalurui, the channel 
catfish 16, Encymba, the sil» er jaw minnow 


form pictured (8) is one of the halosaurs — there is no popular name — long, 
slender, soft-bodied fishes, black in color with a long series of “lighted 
portholes ” These four fishes are only samples of the many odd types in- 
liabitmg the deeper waters and rarely seen except when dredged up by 
exploring \essels 

Coming back from the depths, we may mention further marine offshoots 
of the more primitiv e teleost stocks The eels, such as the snake eel jiictured 
(9), form an abundant series of fishes, most of which have a common body 
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pattern. All are long and slender with very long dorsal and anal fins and 
mthout a distinct tail fin: the pelvic fins are lost, and the gill opening — a 
prominent slit in most teleosts — is reduced to a small rounded opening. A 
fraction of them live in fresh water although (as far as known) breeding in 
the ocean; most are purely marine. Typical eels are extremely voracious. 
The pipefish (10), one of a group of little fishes (of wliich the sea horse is 
better known), has a body incased in armor and a tiny nibbling mouth. 
jNIore primitive members of this group, which tend to connect these crea- 
tures with more “orthodox” fish types, are the sticklebacks, some of whicli 
(unlike the pipefish or sea horse) are found in fresh-water streams. Here 
the mouth and body shapes are of more normal type, but there is a variable 
development of armor plates on the fianks. As the name suggests, the 
sticklebacks have some dei'elopment of fin spines, and these peculiar fishes 
are probably fairly advanced, if aberrant, forms. 

The cod (11) and its relatives, such as the haddock, pollock, and hake, 
form a very distinctive group but are of somewhat problematical relation- 
ships, they are primitive in the absence of fin spines, but the pelvic fins 
have moved forward to a point below the shoulder, as in the spiny-finned 
fishes seen in later figures. Typical members of the group feed near the 
bottom on northern marine banks of moderate depth. One group of codlike 
fishes, the grenadiers, or rat-tails, is confined to the oceanic depths in the 
North Atlantic and North Pacific, but one form, the burbot, is found in 
fresh waters. 

So far, we have made mention of few but marine teleosts. A number of 
fresli-^ater types may now be passed in review. In the tropics of South 
America, Africa, the East Indies, and Australia are to be found members of 
families of fresh-water fishes wlu’ch appear to be primitive offshoots of the 
early teleost stock. None will be familiar to most readers; I have jilcturcd 
the mormyr (12), a common Nile fish belonging to one of these families. 
The jiresence in these several southern regions of fishes with common char- 
acteristics has (as usual) led to the idea of former land connections; the 
exiilanation (as usual) is that they probably existed in intervening north- 
ern regions in happier climatic times. Itiuch more advanced in some struc- 
tural features are those common fishes of nortliern waters in botli North 
America and Eurasia, the pikes (13), fast-swimming, long-jawed fonns 
tliat are some of the most voracious of fresli-water fishes*. Equally ad- 
vanced, but very different in nature, arc the small fishes known technically 
as the cyprinodonts, including the killiiishes, guppiea, the top minnows 
(14), and so forth; the largest of the group reaches a foot in length, but 
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many arc \cjy tjiiy, and tin* fijuily mclndcA many favorites for ijome 
aquana Tlicfom ejed fisli, shownin aplatc figure, is acjpnnodont Some 
^cnturc into salt waters m riser mouths and along shores, but most are 
inland dwellers, they arc particularly abundant from JIcmco south into 
the American tropics In the cyprniodonts aie foumi the only teleosts 
which bear the joung ali\e, is m the form shown, the male may ha\e a 
greatl\ elongated and fin, which aids m internal fertihration 

While the frtsh-watcr foinis so far mentioned aie either offshoots of 
marine groups or m iv reasonably be susjicctcd of being descended from 
ocean dwtlhng fonns, we come at last to one group of teleosts which in- 
cludes the ^ast majority of li\ing rivci and lake fishes and whose history, 
as far as know n gcologicallv, is one of continuous cvistence m fresh w aters 
UnfortunatcK there is no jiopular name for the group as a w hole, w lucii is 
known technically b\ the awkward term Ostariophjsii Equally unfor- 
tuiiatclv, they arc not tied together by any readily observable surface 
features, although tlicy arc clearly united by the presence in all of them of 
a senes of bones connecting air bladder and internal car which gives them 
better hearing power than ordinarv fishes Included are the catfishes (15), 
the characins, the European carp, ami a host of \ aned and extremely com 
mon little fishes most of which the ordinary person lumps as “minnows” 
(10) The catfishes, rcadilv recognizable by tlieir scaleless nature and pe- 
culiar barbels, arc extremeU varied and widespread, there are about one 
thousand species, mainly m the tropics of South America and \frica One 
of the few fishes to develop electric oigans is an African catfish In South 
America a number of catfishes have compensated — or overcompensated — 
for the loss of scales bv the development of bony armor which makes them 
look somewhat like riiodern editions of the ancient placoderms 

The characins are of normal appearance, many resembling the tiout or 
the pike they are found in xkfnca and m South and Central America (an 
other example of southern continent distribution) Some are ferocious — 
notabiy the piranha ol South America, a sjnaJJ Ssh but one wJioise bite has 
been compared to a razor cut , attacking m droves, they can literally cut a 
swimmer into bits A curious fonn is a further example of a fish with a de- 
veloped electric organ — the so called “electric eel” of South America, 
shown in a photograph The final group of this great assemblage includes 
few fish of anv size except the carp, native to Europe , the smaller forms, 
the V arious “minnows,” loaches, and suckers, are present in abundance m 
Eurasia and North America and have been claimed to comprise close to 
2,000 species, almost none, however, aie piesent south of the Northern 
Temperate Zone 
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A very considerable proportion of the teleosts belong to an advanced 
structural type termed the “spiny-finned teleosts” (technically Acanthop- 
terygii). In typical members of this progressive group there is a great de- 
velopment of hard spines rather than soft rays in tlie supports of the fins. 
The dorsal fins frequently form a double structure, the front part having 
strong spines. A further easily seen feature is that the pelvic fins have 
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pelvic fnib Uel.ilcd aic, the Ml\crs)idcs» smaller minnou like fi>shej, of fresh 
waters and cstu irics, and the barracudas '1 he last are slender bodied, fast- 
swimming, voracious fishes of warm sea waters with long knifehke teeth 
The barracudas are one of the few inanne tcleosts which are definitely 
known to attack a swinmiing man, cases are jiarticularly numerous in the 
Caribbean regnon Beryx (18) is a small marine fish in wJiicJi, again, there is 
little sjnne development, hut the pelvic fins have moved well forward, and 
the bodj is somewhat deepened — a feature found m many of the typical 
spmj -finned forms 

The jierch (19) arc excellent examples of generalized sjnny finned forms 
Ihc body may be somewhat deci>cned, the pelvic fins have shifted fonvard 
along the bellj to the shoulder region, fin spines are well developed, no- 
tably m the presence of a prominent and separate sjnny dorsal fin Tlie 
true perches and some of their close relatives are fresh water forms, these 
including the bass and “crappic ’ and the ^Vmencan sunfishes (not to be 
confused with the great oceanic sunfish) However, most of the perchhke 
fislies (and, indeed the vast majority of all the remaining teleosU to be 
noted) arc nianiie, and a large proportion are native to warm tropical 
waters To list a few of the more common and better known forms — the 
sea perclios, sea bass, jewfishes, groupers, “dolphins," croakers, drumfish, 
weakfish, snapjiers, porgics, scup, lautog, and parrot fishes, and the deep- 
bodied angelfishes and butterfly fishes, many of wliom frequent the still 
wateis of coral reefs, the little archerfish, shown on one of the plates, is a 
deep boditd perch tjpe 

A group of sjnnv finned forms very progressive in many regards is that 
typified bj the mackerel (20) These are fast swimming forms, with a 
slender, beautifully streamlined bodj and a forked tail fin set on a slender 
base Related are the bluefish .and albacore, m this group, too, belong some 
of the most spectacular of game fishes, notable for the development of 
long spiked upper jaws as well as for great size — the sailfish, the marlins, 
and the great swordfish, which may reach twenty feet m length 

From the more tvpical spiny finned teleosls there have arisen many 
aberrant side branches The next two fishes illustrated are members of a 
group which have developed a liny mouth but one armed with heavy 
teeth and strong jaws, set at the tip of the “snout ’, the body is deep and 
rounded in side view and the pelvic fins have been lost In the trunkfish, 
puffers (21), and porcupine fishes, the body assumes a nearly spherical 
shape, capable of gi eat distension in the puffers and often incased in spines 
or armoi In this group also are the triggerfishes (22) and filefishes, most of 
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the development of the spiny dorsal fin is in the form of a large erect spine, 
which may be movable. These forms are essentially circular in side view 
but flattened from side to side. A much larger flattened member of the 
group but one without spines is the enormous but lethargic oceanic sun- 
fish, or head fish (illustrated in our first chapter), which may reacli nearly 
ten feet in body diameter and a ton in weight. 

A further group clearly derivable from the perchlike forms is that of the 
mail-cheeked fishes. The name derives from the fact that there tends to 
develop from the cheek bones a set of bony plates which may expand to 
cover most of the head. Little of this, how'ever, is noticeable in superficial 
view, and some of the more primitive forms, such as the rock “cod,” are 
very similar in appearance to the jierches. There is, ho\ve\ er, a strong trend 
toward development of large pectoral fins and an exaggerated spininess, 
which reaches its extreme in such types as tlie sculpins of Northern Tem- 
perate Zone waters and the gurnards, such as the sea robin (23) . Still an- 
other group of aberrant nature but clearly derivable from the perchlike 
fishes is the remora, or shark-sucker (24). Its notable specialization is a 
large flat sucking disc atop the head with which it can fasten flrmly to the 
body of a shark or other large fish or sea turtle and obtain a free ride (as 
well as a possible share in its host’s food) This, oddly, is a modification of 
the spiny front dorsal fin of its iierchhke ancestors. The mud-skipper, 
shown in a plate figure, is a representative of the gobies — small TropicaU 
to-Temperate Zone forms which are found in shallow waters in the tidal 
zone or in nearby ponds and swamps, frequently burrowing into muddy 
shores. The mud-skipper, in strong contrast with most fishes, can use its 
fins to walk or skip about the shores in search of food. A small goby from 
the Philippines measures only about half an inch long w’hen fully grow’n 
and is probably the smallest of all vertebrates. 

The curious-looking toadfishes (25) may possibly be transitional from 
normal spiny-finned teleosts to the repulsive anglers, of which the goose- 
fish, or “fishing frog” (26), is a common shallow- W’a ter representative. The 
body is broad and fiat, and — quite in contrast with ordinary teleosts — the 
pectoral fins form great fleshy flaps extending out on either side of the 
body. The goosefish is predaceous; there is a verj' broad mouth armed 
with sharp teeth; above it, an enlarged front spine with an expanded lip 
dangles like a baited hook. There are anumber of variants on the goosefish 
pattern. Some anglers are deep-sea fonns. In some the “bait” is made 
attractive by a luminous organ at the tip. We w ill comment later on the 
“marriage” customs of deep-sea anglers (p. 81). 
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A considerable number of other vananU from the primitive spmj -finned 
pattern might be described if space (and the reader’s patience) penmtttd 
I shall restrain myself to two further examples The rarely seen ocean fish 
variously called “the king of the herrings,” ribbon fish, or oarfish (57) is a 
spectacular creature, silvery m color with long crmison-hued fin* and a 
very long bodj , flattened from side to side, winch may reach a length of 


An album of teleosts S5 Opjanu*, the toadfish 2$, MpAiUj, the goosefish 2T, lUgalfcus, 

the oarfish 2S Ammodytet the sand fance 29 Ztut, the /ofin Dorj 30, ParalicAtfiyi, a flounder 

twenty feet, a series of long slender rays form a head crest, and there are 
long slender trailing pelvic fins It is uncertain whether this type is to be 
considered a degenerate and aberrant descendant of the spmj -finned 
group or has its roots further back in teleost history The little sand lances 
(28), coast dwellers often burrowmg in the sand beneath the bieakers, 
may be related to the blenmes, larger fishes which are, like the sand lances, 
long bodied forms with long median fins 
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A final and important group of teleosts to be noted is that of the “flat- 
fish” — the flounders (30), soles, plaice, turbot, and their giant relative, the 
halibut. These are fishes wlrich live on or close to the sea bottom whei'e 
they feed on bottom-dwelling invertebrates. In mode of life and in geneial 
shape they resemble the skates and rays; but actually tliey are consti acted 
in diametncally opposite fashion. They are greatly flattened, not a top-to- 
bottom flattening, but a side-to-side one. The fish is veiy deep-bodied and 
thin. It begins larval life swimming in normal fashion but then turns over 
to rest upon one side — right or left, generally accoiding to the species. 
During growth (as shown in a plate figure) the eye from the prospective 
lower side migrates over the top of the head to join its mate. The fiat fishes 
lack spines on their fins, but this may be due to secondary loss, and it is 
possible that some deep-bodied, |>erchlike fishes, such as the John Dory 
(29), point out the ancestry of the flounders and tlieir kin. 

Distribution. — Although it is probable that the ray-finned fishes origi- 
nated in fresh waters, it is {lossiblc, as suggested earlier, that the major 
center of teleost evolution lay in the sea and that hence many if not all of 
the present fresh-water teleosts are forms which have secondarily returned 
to inland waters. The one possible major exception, as mentioned above, is 
that of the important carp-catfish group (the Ostnrhphysn) whose mem- 
bers make up a large fraction of the world’s fresh-water fish fauna. We 
mentioned in the opening chapter the diflicultlcs which a purely fresh- 
water type of fish must meet in becoming distributed over a wide territory. 
It is thus not unexpected that there are considerable differences between 
the teleost populations in the different continents. There are a number of 
types, such as the pike and perch, which are widely distributed over the 
Holarctic area, from Europe across northern Asia to North America. But 
even here there are numerous contrasts; catfishes, for example, are nu- 
merous and varied in North America, rare in Europe and northern Asia. 
The South American fresh-water teleost fauna is in strong contrast with 
that of North America and consists in great measure of ostariopliysians — 
characins and a host of catfishes. This is presumably to be correlated w’ith 
the fact that the two continents were separated for many millions of > ears 
during the Ccnozoic. As was said earlier there are striking resemblances 
between other types of South American teleosts and those of Africa and 
the Orient, which have been inleri>reled by some — probably incorrectly — 
as due to fonner direct land connections. Australia lias been separated 
from the other continents since the days of the dinosaurs, and hence it is 
not surjirising to find that it has almost no member^ of the nonnal fresh- 
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water tcIco:>t typci. of other continents, ilo&t of the fishes in its streams 
arc “stray” species, belonging to groups normally marine, wliicli have, 
here and there, ventured from tlie sea into streams otherwise barren of 
fish life. 

In addition to purely fresh-water fonns we find, of course, a number of 
tcleosLs which (like the sticklebacks) seem to be at home in either salt or 
fresh waters, some which migrate during the life cycle from one environ- 
ment to the other, and in the case of the salmon-trout-whitefish group 
some types which live happily all their lives in fresh waters, having 
dropped the marine phase from their life cycle. 

The general discussion in the first chapter of the horizontal and vertical 
distribution of marine life aj)j>lics particularly to the teleosts. The great 
majority of marine teleosts are dwellers in the shallow waters of the con- 



A female of n grotesque dce|>>$ca 
angler &h, «ilh tlic tiny parasitic 
male attached to lier forehead (After 
Norman ) 


tinental shelf, and a smaller number are 
surface or near-surface dwellers on the high 
seas. Since it is the surface waters which 
are most susceptible to zonal climatic influ- 
ences, shallow-water teleosts often showcon* 
sidcrabic restriction in north-south range; 
tropical shallow-walcr fislics make up an 
extremely large percentage of the total 
number of Icleost species, although the 
less varied dwellers in colder waters, such 
as cod or herring, may be e.\treiuely 


abundant in numbers of individuals. Deeper-water denizens tend to 


have broader ranges; such waters arc cold in any latitude. Down to 
perhaps 250 fathoms the deep-water populations consist mainly of small 
silvery teleosts with large eyes that can make the most of such light 
as penetrates to that depth. Still deeper, the fish are mainly blackish in 
color, and their eyes are small to vestigial; vision is of little use in the 


depths. 

Breeding. — Among marine teleosts breeding habits in general are of a 
relatively simple nature. Fertilization of the eggs is external; males and 
females gather in swarms, and the shedding of eggs and sperm takes place, 
so to speak, as a community project. Only rarely is there individual mating 
in marine forms. However in deep-sea forms, where life is sparse and light 
feeble, breeding is more of a problem. Presumably the luminiscence of the 
lantern fishes has developed in great measure as a means of recognition of 
their own kind. The deep-sea anglers have soh-ed the problem of findmg a 
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mate in unique fashion — the female carries her mate Mjth her. The ; 2 )ale, 
of liny size, attaches himself in a haphazard way to some part of the 
female’s body. He is thus always at hand for mating-time; all his struc- 
tures degenerate except his reproductive system, and, as a parasite, he 
obtains his nourishment by connection of his blood stream with that of his 
host-mate. 

Many vertebrate gioups lay but a modest number of eggs and caie for 
them in some fashion or other, but most marine teleosts lay vast numbeis 
of tiny eggs, which float near the surface Few teleost eggs e.xceed one- 
sixteenth of an inch in diameter; many are much smaller; usually they ai e 
buoyed up by a tiny oil droplet inclosed within the membrane suriounding 
each egg. A small herring may lay 20,000 to 40,000 eggs, females of the 
flounder group produce a quarter of a million to a million; a good-sized 
cod up to 6 or 7 million, a specimen of ling — a cod relative — has been esti- 
mated as having had more than 28 million eggs in its body. In a few’ cases 
some care is taken of tlieir eggs by salt-water forms; in pipeflsli and sea 
liorses, for example, the male lias a brood-pouch on his abdomen in which 
the young develop Generally, however, the eggs are abandoned as soon as 
laid and fertilized. Most, of course, never reach maturity but are eaten, 
along with the rest of tlic tiny animal and vegetable life of the sea, by 
various invertebrates or small Ashes. But if, on the average, only two of the 
many millions of eggs laid during a female’s entire life develop to maturity, 
the survival of the species is assured. 

A relatively small number of marine teleosts lay eggs of a different t} pe 
— eggs which are heavier than W’aler, sink to the bottom and, usually hav- 
ing a sticky surface, tend to adhere to rocks or weeds. In these forms the 
eggs are generally of somewhat larger size and fewer in number. 

Eggs of this latter type are, as might be expected, almost uni\eisal 
among fresh-water fishes, floating eggs laid in streams would be at the 
mercy of the currents. Here, too, some fuither attention is paid to the 
eggs in many cases, and hence paired matings are common, sometimes 
with elaborate courtships, as m the sticklebacks. Xests, varying from a 
simple hole in the bottom scooped out by the tail fin to much more elabo- 
rate structures, may be prepared for reception of the eggs, and the nest in 
some cases is guarded by one or both parents. Xearly all teleosts have ex- 
ternal fertilization; exceptions to the rule, howe\'cr, are many of the little 
guppies and tJieir allies, in which, as we have noted, ferlihVation is internal 
and the young are born alive. 

Of interest are various teleosts which breed in an environment dilTercut 
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from tint in which they spend most of then Inca Not uncommon arc 
forms which arc marine aa adulU but breed m freah waters These aie 
mainly founil among relatively ]mmitivctclcoata of the herring and salm- 
on groups The Atlantic aalinon la for the most pait a marine fish It 
develops, however, m fresh-water aticaiiia and ajicnds some lime there 
before descending to the sta After four ytais or so, on the average, it 
enters the mouths of rivtra in the cooler parts of the Temperate Zone in 
western Europe and cash rn North ^Vincrica At one time hordes of salmon 
entered such rivers as the Hudson, the Connecticut, and the Thames, but 
with stream pollution and the blocking of nvcia bv jiowerdams, the salm- 
on runs are now mainly along more noilhcilv streams m more sparsely 
settled coimtrv Arriving in small and shillow stieuns at the headwaters 
of such rivers, the salmon mate, an<l the fcimles scoop out shallow 
trenches in winch the eggs are laul The increase in size of rci>ioductive 
organs in preparation for breeding, the journej ujistream, and the actual 
breeding process arc all evhaustmg to the fish Few of the males survive, 
but many of t)ie females drift back downstream m a spent condition and, 
after regaining good condition in the sea, may return to spawn several 
more tunes during an average life* of about nine >ears 
Tile several species of Pacific salmon have somewhat similar life his- 
tones But breeding occurs onlv once After attaining maturity in the 
ocean, thev return upstieam. m the case of the Yukon, the breeding 
grounds iinv be over two tliousand miles from tlie ocean In the head- 
water streams, after a journey that is often long and difficult, males and 
females mate and spawn for the first and last time and, spent, die 
Alost interesting in iiianv wajs of all life histones is that of the fresh 
water eels These animals abound in a number of regions, notablj those 
bordering both shores of the North Atlantic We shall confine ouiselves to 
the European species, since its history is better known than that of the 
American form Eels are common inhabitants of the streams of western 
Europe but have never been seen to breed, and eggs and larval forms are 
unknown there It was, therefore, not unnatuial that the ancients believed 
that thej arose spontaneously out of the mud m which thej dwelt 

However, a ccntuiv oi so ago, it became obvious that eels migrated 
from, and letuined to, some salt-water bleeding giounds Every fall ma 
ture eels migiate downstieam to the iiver mouths, and every spiiiig tinv 
young eels, called eheis, ascend into fiesh watei The eel remains m in 
land waters for a period of fioiii eight to a dozen veais and constantly m- 
ci eases in size, the adult males averaging a foot and a half in length, the 
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females a vard or so Eventually sexual inatuiity amves, and the eel, now 
silvery in color, joins the fall migration down to the sea 

Eels migrate m enonnous numbers One writer has estimated that, from 
a single lagoon on the Mediterranean coast of France, about 100,000 silver 
eels enter the sea each fall and that the whole number leaving the Enro 
pean shore in a single season may be on tlie order of 25 billion Wheie do 
the}' go^ It was at first tliought that tliey bred in the waters not far from 
the nver mouths they had left and that the elvers ascending the nv ers the 
next spring were the product of lliese activities But if this were true tlie^e 
well fished coastal waters should yield plenty of breeding eels, eggs, and 
small larvae This is the reverse of the truth Of the billions of eels which 
leave the land each fall, hardly a one has ever been seen after leaving the 
shore The} simply disappear Where do lliey go^ 

There have long been known in the oceans small fishes termed Lspio- 
cephalm (‘ thin heads”) Not merely the head but Die whole body js thin, 
and these translucent little creatures, a few inches long, have very much 
the shape of a tree leaf A first clue to the major problem was obtained a 
few decades ago when an Italian scientist kept some of these little fishes 
alive in his laboratory To his astonislinient they underwent a coniplote 
metamorphosis, or change of shape, the Icailike body contracted into a 
thin cyclinder, and the Lepfocephalns became a baby eel’ 

Leptocephalns was known to be present m many areas of the North 
Atlantic Ocean WiDi this clue to go on, a Danish oceanographer, Jo- 
hannes Sclimidt, collected specimens from various parts of this great body 
of water When the data as to their size, the time of year, and locality 
were plotted on charts, the eel story finally became clear 

Every spring, m April, eel eggs and liny larvae may be found in a cir- 
cumscribed area of the Atlantic, a few hundred miles m extent, southc ist 
of Bermuda It is to the depths beneath tins spot that the adult eels trav el 
tolweed The adviltshavcwcxcvVi^cntovnvd there, presumalily they ^vevish 
once their reproductive duty is accomplished The } oung, however, do not 
remain on the spot or drift with the currents, they set a course for Europe 
By the follow mg spring many of them have reached mid Atlantic and have 
grown to two inches or so in length Another year finds the surviving 
larvae fully grown to three inches and arriving off the margins of the Euro- 
pean continent During the following summer and winter metamorphosis 
occurs, and by the following spring — Uirec years after their birth — the 
elvers migrate upward into the inland waters 

The iknicncan cel has a similar but simpler Insloiy Its breeding ground 
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lies in the same general region but more to the southwest, and since the 
distances are shorter, the lar\ac take but a jear to reach the coast 

We ha\e, thus, the major facts of the eel story But why this curious 
hfe-history’ And how do aduIU and >oung find their way in these long 
journejs tlirough trackless seas* 

Fisheries — Ajiart from the flesh and milk of the common hoofed mam- 
mals, man’s greatest utilization of animals m support of his economy is in 
the food supply furnished by marine fishes It is estimated that currently 
30 million tons of fishes — primarily teleosts— are gathered annually for 
food Some fresh water fishes ire included m this total For example, the 
/American Great Lakes fisheries were important before the ad\ent of larn- 
prejs, and carji are “farmed” coimncrcially in ponds in Europe The o\er- 
w helming majority of the tonnage, howexcr, conies from the sea The three 
most important fishing nations are, in order, Japan, Great Britain, and the 
United States The amount of fishing depends upon the economic needs of 
the pojiulation and the abundance of fish in nearbj waters 

Most of the world’s fisheries are conducted in the shallow coastal waters 
of the continental shelf The reasons are twofold First, fish tend to de- 
teriorate rapidly, and although from ancient times fish ha\e been salted, 
smoked, and pickled to preserve them, and although m recent >ears effec- 
tive refrigeration has entered the picture, nearness to market is extremely 
important Second — and more important — it is m such shallows that 
fish life IS movt abundant If one looks at a map of the world on which 
ocean depths are marked, it will be seen that such shallows are very 
unevenly distributed Around most of Afnca, for example, the depths in- 
crease rapidlv offshore, so that there is little possibility of extensive fish- 
eries developing there Directlv off the coast of Japan the shallows are 
restricted in area, so that Japanese fishermen must range wudelj to gather 
the sea food vitallv important for the large population of that small coun 
trj In contrast, both sides of the North Atlantic have extensive fishing 
banks — on the European side, e\lcndiBg from Ihe western coast of France 
around the British Isles to the North Sea, and on the American shores, 
from the great Newfoundland banks south to the New England coast It 
is fortunate that these major sources of fish food are close to two of the 
world’s major concentrations of population And, on the other hand, it 
seems certain that the a\ ailability of this source of food has been impor 
tant m the development of these flourishing areas Even today the sacred 
cod (stuffed) hangs from the wall of the lepresentatives’ chamber m the 
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jMassachusetts State House commemorating its importance m the early 
sun ival of the colonies 

The wealth of fish m the continental shallows is due to the nature of the 
food cycle in the sea Larger fishes may eat smaller ones fislies of all sorts 
may feed upon in\ertebrate animals, but all the animals, large oi small, 
depend ultimately upon the supply of small plants in the ocean — jinn 
cipally the tiny but immensely abundant diatoms Such plants alone can 
create the organic materials upon winch the whole marine community sub 
sists Their process of manufacture (photosynthesis) requires sunlight, and 
hence it is only m shallow water that new food materials are created Liv 
mg matter is composed largely of three chemical elements — hydrogen, 
oxygen and carbon The diatoms can obtain these simplv from sea water 
and the carbon dioxide contained m solution in it But other elements are 
needed as well for the building up of organic inaternls — notably nitrogen 
and tmv but vital amounts of phosphorus Nitrates and phosphates re 
leased by the decay of dead animals and plants m the shallows can be re 
used to supplv these missing elements, and m some areas particularly m 
northern latitudes, rising currents of cold water may bring up to the shal 
low banks quantities of such matter which had sunk to deep waters and 
would otherwise lia\e been lost (a situation which makes northern fishing 
banks more products e than comparable areas in tlie tropics) And an 
additional factor which makes near shore surface waters more productive 
of life in general — and hence of fishes — tlian t)ie high seas is that here the 
basic supply of food building substances is constantly renewed by organic 
materials brought down by rivers 

hishing had its origins well back m human history, for example, the 
oldest population of northern and western Europe after the end of the Ice 
Age seems to have been m great measure a race of shore dwellers who ate 
fish as well as mollusks and other invertebrates gathered from the tidal 
flats and shallow's loday, however, fishing from the shore or from small 
boats, except in the cast of the Pacific salmon industry , is an unimportant 
factor in tlie fisheries picture Most operations art conducted from larger 
vessels — formerly sailing ships, today powered by steam or motor — which 
niaj make v oj ages of considerable duration before returning to jiort Sur- 
face tvpes, such as the herring like fishes and mackerel, are generallv 
caught by the use of long nets m which these fishes are enmeshed "Most 
important is trawling — dragging bag sh ipcd nets ov er the siiallow bottom 
to trap such abund int and v iluable bottom dwellers as the fl itfishes of the 
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flounder-sole-lialibut group. Cod and haddock, which swim near the bot- 
tom, may also be caught by trawling, but a more common method uses 
long lines carrying innumerable baited hooks. 

Relatively few types of teleosls make up the bulk of the catch. Of fishes 
swimming close to the surface, the primitive forms represented by the 
herrings and sardines, smelts, and so forth are small in individual size but 
bulk large in the total volume. Of the salmonids, the Pacific salmon is 
notable, and the related whitcfish is economically important. A very large 
fraction of the trawler’s catch consists of flatfishes. The cod and its rela- 
tives, such as the haddock, are particularly abundant on the Newfound- 
land banks The great majority of genera and species of teleosts are of the 
advanced, spmy-finned type, although many are eaten regionally, the 
mackerel is the only member of the group notable in the total world 
catch 



CHAPTER 4 


Toward Land Life: 

The Amphibians 

Our story of vertebrates has so far been that of pumiti\e 
w ater dwellers — fish and fishlike forms This evolutionary history has not 
been unmarked by progressive features, for we have witnessed the appear- 
ance of jaws and paired fins, structuies whose development enabled our 
eaihest mud grubbing ancestors to leave their sluggish life on the bottoms 
and become active, aggressive forms But the greatest adventure of all still 
lay ahead for the backboned animals — the conquest of the land, a feat 
which led to the development of higher groups of four footed terrestrial 
vertebiates 

The change from water to land life was first initiated m the Devonian 
by the early amphibians and completed by the reptiles m the late Paleo- 
zoic, later, from reptilian types, were developed the warm blooded birds 
and mammals Once the water was left behind, there took place wide and 
repeated radiations of four footed types These land dwellers ha\e adapted 
themselves to almost every conceivable mode of life on the surface of the 
earth and have, aided by the advances made during land life, taken to the 
air and invaded the seas Snakes, birds, men, and whales are but a few 
examples of the widely vaned types which have evoked from the pnmi- 
tue and ancient forms which m Devonian and Carboniferous times first 
left the streams and pools to walk upon tlie land 

Progressive fish development — Itwasnotallatonce,ormasjngletr.&* 
lutionary stage, that there occurred all the many changes necessary * 
fish’s descendants to become good land dwellers Some of the essentials I t 
land life had already de\ eloped m the bony fish and, particularly, IheLo-- 
finned fonns from which the tetrapods sprang Lungs, a jinmc cssenLJ 
hnd animals, «e ha\e seen already present in the primitive Ixisy £ 
These forms too (in contrast with sharks, for example) had a Wejl- 
oped bony skeleton without whicli life on land would not have 
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siblc; the problems of bodily support are much intensified on land, and a 
backbone or limbs of cartilage would not stand the strain of terrestrial life 
without bending or breaking. Further, in the lobe-finned fish, we have seen 
developed a stout fleshy and bony lobe in the paired fins, which ga%c the 
possibilities of development into land limbs. Potential land adaptations 
were thus already being initiated in the fishes; and, on the other hand, land 
adaptations, as we shall sec, are only partial in the amphibians, first of 
four-footed animals 

Life-history of amphibians. — The amphibians are the most primitive 
and earliest known of four-footed animals; they are, as a group, the basal 
stock from which the remaining land vertebrates have been derived. Liv- 
ing mnphibians include but three comparatively unimportant orders: the 



Two amphibian lanal t>'pc« Abort, a tadpole. Mote, a salanniidcr In the tadpole the gilU are 
cohered by a flap of skin, m tlie salamander the e\tcrnal gilb arc projecting feathery structures 
(After Noble ) 

frogs and toads, the salamanders and newts, and some rare vvormhke 
forms All are highly specialized and have departed far from the first land 
forms. The life-history of the more familiar frogs or toads, how ever, shows 
many of the essential characteristics of the class. The eggs are rather small 
and, except for a jelly-like covering, are without the protective membranes 
or shell found in reptiles or higher types. Normally the frog lays its eggs in 
the water, just as has been the case throughout fish history, whereas the 
reptilian egg is laid on land. The embi^'o hatches out as a tadpole while 
still very small {for there is little yolk in the egg) and must find its own 
food as it grows in the water. There is a well-developed tail for swimming; 
breathing is done by a peculiar type of gills concealed beneath a hood of 
skin over the future neck region The tadpole, unlike the adult, eats water 
vegetation, and both jaws and intestmes, m relation to this, are very dif- 
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ferent from those of the adult. Later, with approaching maturity, meta- 
morphosis occurs, and the structure of the body changes radically: the gills 
disappear, lungs and limbs develop rapidly; and the polly^og becomes a 
frog; the animal becomes an air-breather and a potential land dweller in- 
stead of a water type. In salamanders tlie story is essentially similar. Tlie 
egg usually hatches into a larva which is not as specialized as the frog tad- 
pole, for the body shape resembles that of the adult, and limbs bud out at 
an early stage. The anunal, however, is a water-breather. Gill slits develop, 
but the actual breathing is done by means of feathery external gills like 
those of larval lungfishes. Further, the larva differs from the adult in otlier 
features, such as a thinner skin and absence of eyelids. 

But even after metamorphosis the amphibian is not entirely freed from 
an aquatic environment, from the need of living the "double life” to 
which the name of the group refers, for at the breeding season the frog 
must return to the streams or ponds A complete adaptation to land life, a 
decisive break with water-living, is impossible as long as this old-fashioned 
type of reproduction is retained. 

Various devices have been developed by amphibians, which tend to 
avoid, to some extent, this necessity for a double mode of life and a double 
set of adaptations. In many instances the eggs are laid in moist burrows 
rather than in the water. Some tropical tree frogs never descend to the 
streams but lay their eggs in rain-iiUed hollows in the trees; some toads 
carry their eggs about in pockets on their back or twined in strings about 
their legs. In many cases the larval stage is shortened by an initial de\ elop- 
ment away from the water, the larva only entering the pond or stream 
when part of its growth has been attained. This is made possible by in- 
creasing the amount of yolk in the egg; and with a still larger amount of 
yolk present in a large egg, we find that in many instances the tadpole 
stage is entirely eliminated and the young hatch from the egg as. full- 
fledged, if tiny, frogs or salamanders. There are, in some of these cases of 
direct development, outgrowths which at least partly cover and protect 
the developing young and air-breathing organs to supply ojq,’gen to the 
embrj’o before the lungs develop. In fact, except for a hard shell, w e find in 
one amphibian or another structures comparable to those found in the land 
type of egg characteristic of reptiles, which wc will discuss in a later chap- 
ter. 

What selective processes ha^■e led so many modem amphibians to dev el- 
op, to a variable degree, crabryological processes similar to those "in- 
vented” by the ancestral reptiles many millions of years ago.^ Not, rather 
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surelj , any “urge” toward a i^lnctly terrcstrnl existence, for the adults are 
generally quite happy in an amphibious mode of life The reasons appear 
to be two One — probably of minor importance for modern amphibians— is 
that ehmmation of a tadjiole stage eliminates the danger of drought, of the 
pond drying up, with consequent death of tlie larvae during a dry spell 
More important, it would seem, is Uic fact that eggs laid in a pool are an 
attractive source of food for a variety of enemies ranging from insects to 
other vertebrates — a sort of amphibian caviar With the eggs kept away 
from the water and hidden or earned about, the chances of survival are 
greatly increased 

Amphibian locomotion — Among living amphibians the salamanders 
and newts approach closely in body form and general appearance the most 
ancient land dwellers The body and tail are elongate, median fish fins 
have disappeared, but the tail is often much flattened and is still an effec- 
tive swimming organ The paired fins of the ancestral fish have been trans 
formed into land limbs These limbs m salamanders are quite small and 
feeble as compared with the legs of other higher types but are large com- 
pared with fish appendages Salamanders can move their legs freely, but 
the body is still thrown into sinuous curves which push it forward on the 
legs supporting it, much as the fish pushes forward by pressure on the 
water which surrounds it 

Primitive amphibians — Dut while the salamanders may resemble in su- 
perficial fashion the ancestral amphibians, such modern types are quite 
specialized and degenerate, the primitive four footed anunals from which 
all land forms have descended were quite different in many of their struc- 
tural features 

Among the oldest and most primitive of known amphibians was a group 
(the labyrinthodonts) abundantly represented in deposits laid down in the 
Carboniferous swamps from which most of our coal deposits have come 
One of these (Diploier/ebron) is illustrated This form appears to have 
been, at its largest, about two feet m length, but some reJated types were 
as large as modern crocodiles, which tliey may hav e resembled somewhat 
in appearance Much of the life of these ancient amphibians was still spent 
in the water, and small fishes which abounded in the pools of the coal 
measures swamps seem to have been their mam source of food In their 
long, slim bodies, well developed talk, and many internal features these 
early amphibians were still not far from the lobe finned fishes from which 
they sprang but the presence of limbs capable of locomotion on land is an 
obvious and striking difference The skulk of these old forms were com- 
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pJetely covered by an armor of bone, just as in their fisli ancestors, and the 
older amphibians are very often called stegocephalians, or “roof-headed” 
amphibians, because of this fact. (The very considerable reduction in skull 
bones in modern amphibians is one of many features which show that they 
are degenerate types.) Back of the head in the fishes was a bony co\ering 
for the gill region; but the gills have disappeared in every truly adult 
amphibian, and the gill covering has gone with them . In fishes, a slit in the 
side of the skull just in front of the gill plates contained the small first gill 
opening or spiracle. This slit is still jiresent m the skull of priniiti\e land 
animals and still lodges this gill pouch which, as we shall see, now serv’es a 
very different function 

In fishes there was no special mechanism for transmitting sounds to the 
internal ear, which lay deeply buried within the braincase, but on land 
the problem of hearing is a very different one. Vibrations in the air aie 
(except for something on the order of an explosion) too feeble to set up 
vibrations in the animars body and reach the hearing organ in this fash- 
ion. For the reception of air waves, telrapods, from the early amphibians 
up, have established an amplifying mechanism. Across the tube of the old 
spiracle, and primitively in the notch mentioned above, is a mcmbiane, 
the eardrum, which picks up the sound waves Between this membrane 
and an opening in the side of the braincase beneath it, which communi- 
cates with the internal jiart of the ear, stretches in lower land types a smalf 
bone called the stapes, or stirrup, this is a modification with a new use of 
the hyomandibular bone which, in fishes, helps prop up the jaw joint. 

The most striking contrast between the early amphibians and their fish 
ancestors is seen in the limbs. These were quite small in most of the early 
amphibians but already showed the pattern of the bony structures seen In 
land lovms in general (p. 92). In the front limb of tetrapods there is always 
one large proximal element termed the humerus running from shoulder to 
elbow. A second long segment of the limb contains two elements — the 
radius lying on the inner (thumb) side and the ulna on the outer side, 
capped at the top by the “funny bone.” Beyond these two bones is a series 
of small bony elements making up the wist, or carpus. Beyond this, 
again, is a series of long bones lying in the palm and each terminating in 
the free joints of a toe. In the hind leg there is a similar development, but 
the names are different. The first segment is the thigh bene or femur. The 
second segment contains tw o bones, the tibia, or shin bone, and the smaller 
fibula (needle bone) on the outside. Beyond these are the small elements 
making up the ankle or tarsus, followed by the bones of the sole of tlie foot 
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and toes much as m the hand In a majority of unsjjeciahzed land forms, 
just as m man, Uierc are five digits m both front and hmd limbs Modem 
amphibians never have more than four front toes, and the same is true of 
man> fossil members of tin. class However, some primitive fossil fonns 
had five, and there is even some reason to believe that there may have been 
as many as seven m some juimilive land tyjies There is no a jinori leason 


why five, particularly, should have 



The front and hind lags of a pnniitac reptile 
to shon the baric pattern of tlie leg* of bud 
\ertebrates Lxeept for dilTorences in propor 
tions and in the loss of a few bones in hand and 
foot eien such a mammal as ourselves lias prc> 
served this ancient series of structures little 
changed In both front and hind legs there is a 
single bone in the upper joint two bones in the 
forearm or shin a senes of wristor ankle bones 
(carpus tarsus) bones in the palm or sole 
(metacarpals metatarsals) and bones of Uie 
fingers or toes (phalanges) 


been iclcclcd as the proper number, 
very likely there may have been con- 
siderable V ariation among earl j t j pes 
before higher tetrapods ‘Settled 
down” to the orthodox five toes 
Problems of air-breathing — We 
have little knowledge of changes 
winch must have been going on in 
the softer parts of tlie body of tliue 
ancient am]>lub]an&, but we can draw 
manj inferences from evisting tjpes 
as to the evolutionary processes un- 
der way and the new problems en- 
countered m the develojiment of land 
life Chief among the difficulties m 
the transition between water and 
land life were those which had to do 
with oxygen supply The fish lung is 
generallj dev eloped to a greater e\ 
lent m an air breather but never 
becomes a very efficient organ in 
modern amphibians Much of the 
breathing is done through the moist 
skin, and some small salamanders 
rely entirely on this latter means of 


gaming oxygen and have lost their 
lungs Reptiles and higher types use tlie nbs and chest muscles to fill 
their lungs Amphibians have never acquired this method of breathing and 
use their throat muscles to swallow air just as their fish ancestors used 


those same muscles for pumping water to be utilized m the gills 

A further difficulty in lung breathmg is the problem of efficiently cir- 
culating the oxygen absorbed m the lungs In fishes the heart receives only 
the impure blood from the veins and transports it all to the gills, from the 
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gills only aerated blood is passed back through the arteries to the body 
organs. But from the lungs, now introduced into the circuit, the pure 
blood mixes in the heart with the impure venous blood, and this mixed 
fluid flows alike to lungs and body. The separation of the two blood 
streams has not been completely brought about in amphibians, and their 
inefficient circulatory system has probably been one of the causes of the 
failure of amphibians to become a successful group. 

We have earlier discussed the question of water regulation in the blood 
and tissues of a vertebrate. A fresh-water fish needs to pump out water, in 
a dilute urine, to keep up a proper internal salt concentration. When a 
vertebrate becomes a truly land animal, conditions are reversed; in the 
air, water tends to be lost by evaporation through the skin rather than 
absorbed, and reptiles, birds, and mammals have evolved kidney modifica- 
tions to conserve water and prevent their internal liquids from becoming 
too briny This problem does not arise, however, in most amphibians, since 
typically they spend much of their lives in the water or in moist areas 
near by, where evaporation is not too great. 

Amphibian ancestry. — ^lany features in the anatomy of the early am- 
phibians point definitely to the lobe-finned fish as the ancestors of all land 
foims. In the skull pattern and even in such details as the minute structure 
of the teeth, there is very close agreement between the two. The lungfisli 
of today are quite similar to the amphibians in their mode of development 
and in many of their internal organs But this merely means that the lung- 
fish are related to the crossopterygians; were primitive lobe-finned fish still 
in existence, we would probably find them to be even more similar to the 
living amphibians in their soft parts, and the surviving Laiimeria, despite 
the specializations due to its living m the deep sea, shows a number of 
comparable features. The one really conspicuous difference between the 
two types lies in the limbs; the fins of these fish were much smaller than 
the legs of the amphibians But in some cases, at least, w e have noted that 
the fins were essentially similar in structure to the land type of limb. A 
primitive amphibian w'as, in essence, only a lobe-finned fish in which limbs 
capable of progression on land Ixad been developed. 

Why land life? — The most primitive of known amphibians were, as we 
have said, inhabitants of fresh-w’ater pools and streams in Carboniferous 
and Devonian times. Alongside them Ih-ed ^epresentati^ es of the ancestral 
crossopterygians, fonns similar to them in food habits and in many struc- 
tural features and differing mainly in the lesser de\ elopmcnls of the p.iircd 
limbs. Why should the amphibians hax'e developed these limbs and be- 
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come potential land duellers’ Not to breathe air, for that could be done by 
merely coming to the surface of the pool Not because they uere dnven 
out m search of food, for they were fish eating types for which there uas 
little food to be had on land Not to escape enemies, for they uere among 
the largest animals of the streams and pools of that day 

The dcveloinncnt of limbs and the consequent ability to live on land 
seem, paradovically, to hav c been adaptations for remaining in the uater, 
and true land life seems to have been, so to speak, only the result of a 
happ> accident 

Let us consider the situation of these tuo types — lobe finned fishes and 
amphibians living in the streams and pools of the late Paleozoic As long 
as the uater supjily uas adequate, the crossopterjgian was probably the 
better off of the tuo, for he uas obviously the better swimmer, legs uere 
in the VNaj The Devonian, the period in uhicli the amphibians originated, 
u os a time of seasonal droughts At limes the streams u ould cease to flow, 
and the water m the remaining pools into winch the fish and ancestral 
ampiubnns were crowded must have been foul and stagnant Even so, the 
lobe finned fish, since lie possessed lungs, was at no disadvantage, for a 
sliort time at any rate, for he could come to the surface and breathe air as 
well as the amphibians 

If, however, crowded conditions continued for a period of tune, the local 
food supplies would be exhausted, and the situation would be a desperate 
one Still worse, the water might dry up completely Under such circum- 
stances the crossopterjgian would be helpless and must die But the am- 
phibian, With his newly developed land limbs, could crawl out of the 
shrunken or dried up pool, walk up or down the stream bed or overland, 
and reach another pool where he might lake up his aquatic existence 
again Land limbs were developed to leach the water, not to leave it 

Once this development of limbs had taken place, however, it is not hard 
to imagine how true land life eventually resulted Instead of immediately 
taking to the water again, the amphibian might have learned to linger 
about the drying pools and devour stranded fish Insects were present by 
coal swamp dajs and would have afforded the beginnings of a diet for a 
land form Later, plants were taken up as a source of food supply, while 
(as IS usually the case) the larger forms on land probably took to eating 
their smaller or more harmless relatives Finally, through these various de 
velopments, a land fauna would have been established 

Older amphibian types — Until recently the oldest known remains of 
amphibians dated from the Carboniferous, the time of formation of the 
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great coal deposits But already at that period amphibians uere quite di- 
\ersified, and we felt sure that their origin must have taken place further 
back in the Devonian, when the development of early fish groups was at 
Its height, although no amphibians had ever been reported from rocks of 
that age In recent years, however, this gap in our knowledge of the ances- 
try of higher vertebrates has been filled m by the discovery of very pnmi 



V ffliDjJrtrcc of ll c imp} lb 1 T1 r sunning group) ares) o»>i At Uic upprrri^ht Lrodclcs, limb 
less amp! ibians (and tpodnns) and tl eir fossil rebUics arc fmjuc tl> grouped is Icpospoii l^ls as 
contrasted Httl ti c Ubir ntiiodonts from Vilich tie fro^s appear to bite descended aslia\ct!e 
reptiles (Froin Romer The VerUlralt Body \\ B Saunders Company } 

tive amphibians fioni the late Devonian of Greenland fhcir skulls rt* 
stnible those of lobe finned fishes even more linn do those of the Coal 
Measures hbyrinthodonts, and there is even a somewh it fishlike tail fin 
The limbs are \er} short and stubby but with the elements found m later 
terrestrial forms already dev eloped Here, then, are fonns w Inch continued 
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to live jn fisIihXc faiJuoJJ, although they already possessed Junhs, the ad- 
vantages of whicli eventually led to the evolution of land fonns 
In the late Paleozoic — the Coal Measures and on into the Penman pe- 
riod — amphibians fonned an exceedingly prominent part of the \ ertebrate 
life picture Jlany were members of agreat group of amphibians which in a 
broad sense constitute tlie basic stock of most, perhaps all, land verte- 
brates The tenii “labynnthodonts” refers to the minor point that tlieir 
teeth are grooved and infolded like those of their crossopterygian ances- 
tors, more basic arc technical features of the skeleton, such as the fact that 
each joint of the backbone consisted of several discrete blocks of bone 
Most of the old labyrintho<lonls continued to spend much of their Jives in 




A restoration of one of the most ancient of Lnown amphibians from the late De\onian of Last Green 
land Limbs although ^ cry short are already de>eloped but there is a remnant of the old iish tad fin 
( Vfter Jar> ik, modified ) 

the water, but a few developing stout limbs, tended to become land 
dwellers Many grew to large size Fairly typical and moderately adv anced 
was Eryops, whose skeleton is to be seen in a number of museums, tius is 
an ammaV oi sit to eight feet an length, with sturdy ai clumsy -locking 
limbs, which may have spent much of his life in swampy environments but 
was perfectly able to stroll about the shore Alongside the labynnthodonts 
there existed numerous members of a second, less important group of an- 
cient amphibians, termed the lepospondyls (“scale vertebra”), so called 
because the mam part of each vertebra consisted of a thin sheath of bone 
surrounding the notochord The lepospondyh were Jess progressive in na- 
ture and appear to have persisted in an almost purely aquatic life Most 
were of small size the limbs were generally feeble and sometimes lost en- 
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tjrely, and there was in many a strong trend (which we shall see repeated 
in some modern salamanders) toward body elongation and an eel like 
shape 

Before the Carboniferous had closed, the reptiles, a group much better 
adapted to land life, had already sprung from the primitue amphibian 
stock, and toward the end of the Paleozoic amphibians rapidly decreased 
m numbers A few large degenerate remnants of the old amphibian groups 
surviv ed into the Triassic but tlien became extinct Beyond that tune the 
only known amphibians are members of the three living orders, winch 
constitute but a small and unimportant part of the vertebrate life of mod 
ern times Two of the three are represented by fossils from tlie latter part 
of the Mesozoic era onward, but except for one Triassic fossil form winch 
IS an archaic frog ancestor, the pedigree of the modern orders is quite 
unknown 



V restoration of Eryopi o large common early PermiaQ labirintbodont of fairly atl\‘anced t^’pe 

Salamanders — As we ha\e noted the living salamanders and their rela 
lives are not dissimilar in general appearance and proportions to the an- 
cient tvpes but m the skull and skeleton there are nnny degenerate fea- 
tures As in modern amphibians generally, the old bony scales of the fish 
have disappeared, the skin is soft and moist and acts as an accessory 
breathing organ There are numerous skin glands, in some salamanders 
(and in various frogs and toads as well), some of these glands secrete a 
toMc. substance which acts as a deterrent to would be eaters of these other 
wise defenseless animals In many salamanders and frogs color changes, 
such as also occur in fishes, may take place in the skin, change is con- 
trolled by the pituitary gland or by direct action of sunlight, there is no 
nerv ous control Salamanders are unable to exist under dry conditions and 
when not m the water are usually found in moist wooded areas or buried 
under logs and stones The> are mainly dwellers in the more humid regions 
of the North Temperate Zones, where Uie^ are widespread, and are not 
adapted to life in the tropics None are present in Afnca south of the 
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Medittrianean coast, none arc found in Australia, almost none in South 
America Adult salamanders and frogs arc caters of animal food, but be- 
c luse of their tvjncall^ modest sizc» their diets arc largely lestrictcd to in- 
sects and other small nntrlcbralcs 

1 he s dam inders, or urode/ts» arc customarily divided into half a dozen 
01 more families, most of Inch show the common pattern in structure and 
habits Ihe more familiar small salamanders and newts are members of a 
familj common to Eiirojie and North America In North America a second 
family of sal unanders of somewhat large rsize includes the spotted and tiger 
salanundeis winch are more lerrtslrnl m habit th in most urodeles, t^in- 
cally their coloration is a combination of a black background with orange 
to white stripes or spots (Ihcrc is a related group in eastern Asia ) The 
most abundant fannlj of salamaiuleis, for winch no general iiopular mine 
exists, IS that of the Plethodonlidae, immly Noith American forms hut 
also found m Europe nul (alone of urodeles) m South Amenc i These are 
mostly sill dl slender forms, seldom seen by llic ordinary person An inter- 
esting specialization is that lungs arc not dewclojicd m members of the 
fannlv. iltliough gilU are absent ind the> are air-brcnllicrs Due m part to 
their small size, tiiev arc able to take m sidficient oxjgen through their 
moist and highly \ascular skin 

Ihe forms aliead.s mentioned arc all typical salamanders, of small size 
and, to anyone but the specialist, rather unifoim m characters and habits 
We ma\ conclude our catalogue of urodeles, lioweser, with mention of a 
number of types which dcfiart from the nuimnl pattern — and also tend to be 
jiurely aquatic in habits First, salamanders which run to large size The 
“mudpuiipy” of tile American Midwest — essentially the Ohio I’lver 
drainage — runs up to tw o feet m adult length and among other characters 
retains external gills and water bre ilhmg lliroughout life Some salaman- 
ders have taken up life m undergiound streams or caves, one such, Proteus, 
a relative of the mud jiuppy, is blind and without pigment in its skin 
Larger is the “hell bender” of the Allegheny River, a drab looking form 
with a greatly flattened head and body The giant of the order, however, 
IS a close relative of the liell bender which is found m Japan This giant 
salamander (relatively a giant, anyway) may exceed five feet m length 
Incidentally, a fossil form of this type from the upper Rhine region was 
pictuied in one of the early editions of the Bible as the remains of a poor 
sinner drowned m the flood ^ 

A second senes of divergent types (also purely aquatic) includes several 
salamanders having m common a trend to an elongate, eel like body ac- 




Pnmitivfl four footed animals Restoration of early am Walking salamander— a neat of the 

phibians (lab^rinthodonts genus Diplorerttbron) of Car nusP«ru(fotri/on pliotograp) cd from 

bomferous days These ancient forms spent much of their Much of the progression of tl e body is 

li%es m the \iater hut nevertheless possessed the ability to coropl sited os m tic ancestral iish 

sialkonland (Fainting by F L Jaques under the dircc throwing the bod> into sinuous cur^c^ 

tion of Vi &. Gregory photograph courtesy Vmencan (Photograph b> SI erman C U shop ) 

Museum of Xatural History ) 


Skeleton of o fossil amphibian Eryops one of the largest of primitive Paleozoic amphibians seen froi^ 
above This figure illustrates well the sprawled pose of (he limbs in carfy land t>pes a pose whicli is tt 
tamed m the salamander shown above (Photograph courtesy Vinencan Museum of Natural History ) 











The ' Congo eel, ' which is not an eel or a native of the 
Congo but a salamander (Amphiuma) inhabiting 
snamps and sluggish streams of the southern states It 
IS a degenerate w ater dweller m which the limbs are re 
duced to tmy vestiges (Photograph courtesy American 
Museum of Natural Historj NewAork) 


Tiger salamanders Left, the common \jiien» i 
can orange and black vanetj {Amblytima ' 
Ugrtnum) In the next figure, immer^ m ' 
aatcr, is the axolotl, a salamander from Mexi- 
co and the llockics, a water dn ellcr, breathing 
by means of gills The axolotl u a lancty of ti 
ger salamander whicli tends to remain through 
out life in a larva! condition However, various 
stimuli (including tli>roid) may cause it to 
cliangc into the true adult form ( 1 ttgnnum 
copyright General Biological Supply House, 
Cliicago, axolotl courtesy New Aork Zodlogi 
cal Society ) 

The mud puppy (third figure) is a large saU 
mander, well over a foot in length, found m 
many parts of the Mississippi Valley Like the 
axolotl, the nvud vsa^rmaoeot U.(va, 

for it nev er leav es the w atcr In this case, how 
ever, no stimulus has brought about the adult 
condition, it has, so to speak, forgotten how to 
grow up (lYccfurus, courtesy New York Zoo 
logical Society ) 

A cave tolamandar In sev oral instances sala 
manders hav e become adapted to underground 
life Directly below is LyphloirUon, photo* 
graphed in an Ourk cave It is blind and sear 
!y colorless (Pliolograpb by G K Noble, 
courtesy American liluseum of Natural Hu 
tory. New York ) 
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More Salomandort Al/orf two specimens of the 
common newt of North America (rrUurut) In 
the adult water phase shown here most of the 
body IS oli\e green the red eft is an earlier 
land dwelling phase in which the body is red 


Degenerote types which tend to remain m the 
water and retain Jan al characters S^r^n (U/l) of 
the soulhcm United States has reduced limbs 
Tlie dat bodied hellbender {Crifptobranchvi) {be 
low) of the \llcgheny River reaches nearly 2 feet 
m fenglh and is the largest of living amphibians 
except for a Japanese relative (rriiunu photo* 
graph by Harold V Green Montreal Siren and 
Cryptobranchu* by Isabelle Hunt Conant ) 


Maiamorphaiii of a cotmzioa frog (Rana ctamitan*) from a tj'pical 
tadpole at the lower left to a mature frog at tbe upper rigltt. Dc\ el* 
opmeat of hind 1^, appearance of front Irga, and resorption of tail 
occur in order. (Photograph copyright General Biological Supply 
House, Chicago.) 





The spring p««p*r (lr« t<e4 
genus Sound product!* 

IS aided by the inflated 'ocsl 
sac. (Photograph by Dr. Fi^ 
0\erton. courtesy .Imericsa 
Museum of Natural Hhtort, 
New York.) 






Frog skin; a section, highly 
CeU. AU>tf. Uic thin outer skin (fP>- 
dermis) unprotected by scales a^ 
fish, a feature regained by reptile. 
Utov, Uie thiaer dermis. 
latter are numerous globular | 

The smaller arc mucous gliads; tbe 
larger secrete a mildly poisonous ai' 
lerial. (Photomicrograph copyn«“ 
General Biological Supply »»«■ 
Chicago.) 



A burrowing, limbless 
belonging to the order 
only dUlantly reUted to the - 
manders and frogs. These “J” j. 
are small and wormhke. wtn 
mentary ej es but with sen^ 
tacles between eye and 
Apoda are tropical; ih® 
trated (lehlhyophu) Is fro® 

Indies. The eggs are kept 
burrow and protected 
a definite ad%ance tow ardt^W^^ 
and complete land li'ing. 
Sarasins.) 
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companied by a reduction of limbs They are inhabitants of the south- 
eastern United Slates The “siren** (with looks very different from sirens 
of mythology) has tm> front legs and none behind Another southern 
form, a swamp dweller, is the ‘Congo eel/* or “Conger,** which is very 
eel like m appearance, with the limbs represented by small flaps 

Neoteny — IMention of these aberrant aquatic salamanders brings up the 
topics of neoteny and paedogenesis, previously discussed Some salaman 
ders which live their entire life in the water have seen no necessity , so to 
speak, of gaining adult characters for a terrestrial evistence which they 
will never reach and retain certain of their larval characters tliroughout 
life This situation may be found m some of the more normal salamanders 
as well as the ' freaks “ For example, over most of its range in America the 
spotted salamander mentioned above grows from the larval stage into a 
typical adult form But in certain highland regions of the \Yest, notably 
near ^lexico City, this is not the case, the animal remains all its life a gill- 
breathing water dweller and breeds m this larval condition It was once 
thought that this highland form was a distinct species, called m Mexico 
the axolotl But if experimentally treated m various ways, such as being 
fed an extract of the thyroid gland (whose product plays a major part in 
normal metamorphosis), the axolotl changes markedly, loses gills, devel 
ops lungs, and comes onto land as a mature spotted slamander 

Some of the more purely water dwelling types mentioned toward the 
end of our list of salamanders show as breeding adults one or more larval 
characters and hence are likewise to be regarded as neotcnous to some 
degree The Japanese giant salamander and the hell bender, for example, 
have nearly all adult characters, but both lackev ehds, as do larv al urodelcs, 
and the hell bender also retains an open giU sht The Conger also shows 
general larval features throughout its life The siren and mud puppj re 
mam still more larval m character and, for example, bear prominent ex- 
ternal gills throughout life In the axolotl, we have noted, stimulation 
will cause metamorphosis to occur Not so, however, m the case of the 
neotenous forms just listed For example, scientific workers have fed mud- 
puppies quantities of thyroid extract without causing any loss of the gdls 
or other signs of metamorphosis They have lost from their developmental 
processes the power of ever reatlaming tlic adult characters winch the^ 
lack 

Frogs and toads — A much more flourishing group of living amphibians 
IS that of the tail less forms, the frogs and loads forming the order ^Uiura 
Since thoj are amphibians, and smee the amphibians arc the lowest of Icr 



100 mb VLRTLDIUTE STOIIY 

rcstnal groups, it is often assumed that frogs and toads are, ipso facto, 
priiniti\c land \ertcbratcs But this is very far from being the case, the 
frogs (described in detail in the next chapter) are in many respects among 
the most lughly specialized of backboned animals The specializations 
have to do mainly with their hopping method of locomotion The back is 
extremely short, tliere maj be as few as eight vertebrae, whereas a primi- 
tive land form would probably have liad nearly thirty joints in the back- 
bone, not including the tail 'J he hind Jigs are excessively Jong and highly 
spcci.dizcd, and the front legs, although more normally proportioned, are 
also much modified with adaptations of tlie shoulder bones which break 
the shock of landing It is quite ]>robably their peculiar mode of locomo 
lion w Inch has embltd the frogs and toads, alone of amphibians, to remain 
a fairly flourishing group 

Members of the group adhere quite closely to a common structural pat- 
tern, but there are considerable variations m anatomical details and hab- 
its, and they are frc<|ucnlly divided into a dozen or so families, only a few 
of w Inch will bo noted hero 1 Jio auurans arc far more w idespread than the 
salamanders, for they arc abundant m the tropics as w ell as being common 
inhabitants of more temperate regions So familiar as to hardly need de- 
scription arc the tvpical frogs, many of which are included in the single 
genus Rana, which extends over nearly the whole world Contrasting con 
siderably m habits to these water lovers are the toads, where the common 
genus Bufo is likewise widespread, but fails to reach Australia These 
forms wander far from the water and, m correlation, have a more horny 
skin which keeps down waterless A third familiar group is that of the tree 
frogs, with Ilyla as the characteristic genus These are mainly Amencan 
types but Ilyla itself is nearly world wide The tree frogs are typically 
small forms, rather more related to tlie toads than to the true frogs, as aids 
m their arboreal mode of life, their toes generally hav e expanded pads and 
(an unusual condition m amphibians) clawhke toe tips Inadentally, 
some members of the true frog family Jiave jiaralleled the tree frogs m 
mode of life and adaptations 

There remains for further consideration among amphibians only a group 
including a few inconspicuous tropical forms, the Apoda, or limbless am 
phibians Caecilians is an alternative name These are small, almost blind, 
burrowing animals, which look very much like large worms and have no 
vestiges of limbs These very degenerate creatures aie not at all closely 
related to the groups considered above, and their fossil history is quite 
unknown 
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The failure of the amphibians. — ^The amphibians are a defeated group. 
They were the first of vertebrates to emerge from the waters onto the 
lands; but they were not destined to complete the conquest, and, at first 
abundant, they have shrunlcen into insignificance among four-footed ver- 
tebrates. Only by the reptiles, their descendants, was the land truly won. 
The reason for amphibian failure and reptilian success is not hard to find : 
it lies in the mode of development. The typical amphibian is still chained 
to the water. In the water it is born; to the water it must periodically re- 
turn. We have noted various devices among living amphibians which have 
enabled them to circumvent this difficulty to some extent. But these 
makeshifts have not been particularly successful. The amphibian is con- 
servative in its basic developmental processes. It is, in many respects, 
little more than a peculiar type of fish which is capable of walking on land. 



CHAPTER 5 


The Frog 

We lierc turn a^idc from the general story of \ertebrate evo- 
lution to consider in greater detail a common amphibian — the frog In 
many clcmcnlari courses m biology this ammil is dissected as a represent- 
ative vertebrate 'Ibis account is inserted to accompany such laboratory 
work, in consequence, it is more replete with teclinical terms than are 
other sections of the book, and those interested only in more general view- 
points will be well advised to pass this chajiter by 
The choice of the frog as a favorite laboratory animal is due to several 
factors One item (not a minor one) is the fact that it is common, readily 
available, and hence inexpensive There arc, however, good scientific 
grounds for its selection As an amphibian it represents a group halfway up 
the familv tree from fish to mammal — an “average” vertebrate, better 
suited for use than either extreme t>pe if but one form is to be studied 
It must be pointed out, of course, that even this animal has its disadvan- 
tages ^^e have noted earlier that modern amphibians are somewhat de- 
generate m their skeletal svstem, and Uie frog is no exception to this con- 
dition Further, the jumping habits of the frogs have caused great modifi 
cations of the limbs, so that these appendages are to be considered as 
highly specialized structures However, apart from features of the skeleton 
and muscles and a general “shortening up” of various organs to fit the 
compact body shape, the frog appears to have adhered rather closely to the 
general pattern found in primitive land dwelling vertebrates 

THE LIFE OF THE FROG 

The forms most frequently used m the laboratory are members of the 
typical frog genus Rana The bullfrog, Rana catesbiana, is an excepbonally 
large form, R piptens, the leopard or grass frog, is the commonest of 
American species The bullfrog tends to spend much of its life immersed 
The leopard frog is more of a land dweller, m damp weather it may 
wander far from the water but is commonly found along stream banks, 
ready to leap in and submerge at an instant’s notice 
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Food. — Adult frogs are purely carnivorous in a broad sense of tlie term 
— eaters, that is, of animal food. Since tliey are of modest size, the food 
supply mainly consists of invertebrates. Earthworms, insects, insect lar- 
vae, and spiders are favorite foods. However, they have no compunctions 
against eating other vertebrates, and minnows, tadpoles, and even smaller 
frogs may form additions to the diet. The frog tends to snap instinctively 
at any small moving object near by (suck as a bit of red flannel!). The 
teeth, however, are relatively feeble; an important method of obtaining 
food lies in the protrusibility of the longue. This organ is highly develojjod, 
attached anteriorly, and normally lies with its free tip turned backward in 
the mouth. From this position it maj' be flipped out suddenly to gain con- 
tact with a fly or other desired titbit. The tip is sticky, so that the object 
touched adheres to it. A reverse flip, the food is in the mouth, and is swal- 
lowed without further ado. The protrusion of the tongue is brought about 
by a peculiar mechanism. A large sac in the floor of the mouth suddenly 
fills with lymph and pushes the longue upward and forward. 

Enemies. — The frog has, in turn, numerous enemies. Man, either in pur- 
suit of frogs’ legs or m search of your laboratory animal, is a major factor 
in frog destruction. Frogs offer a substantial and favored food supply for 
snakes; various birds and some mammals and even fishes prey upon them. 
The tadpoles are, of course, much more susceptible to attack, and their 
enemies include not only vertebrates but a number of aquatic insects; 
under ordinary conditions only a small percentage of the larval frogs ever 
reach the adult stage. Still other enemies arc parasites of v’arious sorb. 
Leeches suck their blood, and there are numerous internal parasites such 
as flukes, roundworms, a number of protozoan species, and even parasitic 
plants which invade their tissues. 

Locomotion. — The locomotor abilities of the frog are highly useful in 
escaping from major enemies, for the frog is an accomplished jumper and 
swimmer. The front legs are of use mainly to support the head and chest 
and break the force of the fall on landing; the hop is accomplislied by a 
sudden straightening (extension) of the hind legs, which in resting pose are 
flexed in readiness. A frog jump under good conditions is well short of a 
yard (Calaveras County jumping contests not considered). In swimming, 
the front legs are little used; propulsion is accomplished by alternate kicks 
of the hind legs, which push the webbed toes against the water. A favored 
resting pose is one in which the frog floats in tlie water in a .sprawled 
poailion with only nose and eyes protruding; the level at which it flo.its 
may be regulated by filling or emptying the Jungs and thus altering the 
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specific gravity of the aniiii il as a whole Diving from the bank begins as 
an ordinary leap, folloutd by a vigorous downward swim To di\e from 
tlie floating jiosition, the frog first gives itself a vigorous push back and 
down to “submerge,” then tills the body downward to begin its swim to 
co\ er 

Besides fliglit, otlier f ictors helj) it cscajie from enemies Some of tlie 
skin gl uuls secrete a mildlj poisonous material which makes some animals 
avoid the frog By puffing itself full of air, a frog may become a round and 
shpperj object, difficult for its eneinj to swallow 
Annual life cycle — The activities of frogs varj greatly with the sea 
sons, particularly in Icinjieratc climates 'Ihe animal is a cold blooded 
form, that is, it is un d>le to maintam a constant body temperature , lienee 
in the winter it must hibernate, and so it burrows m the mud to avoid 
freezing temperatures During this season the internal activities of the 
bodv go on at a much reduced rate, drawing for fuel upon food nnterials 
stored m the body, particularly m the liver and muscles ith the coming 
of spring the frog becomes very active The sex organs develop greatly, the 
bodv of the female fills with eggs, and the breeding season arrives Once 
the eggs are laid, life goes on at a slower tempo During summer and fall 
new stores of food arc laid up against the approach of cold weather 
Breeding — In the grass frog the breeding season commonly occurs some 
time during April, depending upon the climate of the region concerned and 
the nature of the season — the warmer the sooner Frogs are esseiitiallj 
unsociable at other seasons and solitary in their liabits At the breeding 
season, however, they become highly gregarious and congregate m large 
numbers m shallow bodies of water Fertilization is external, the male 
clasjnng the female and discharging sperm w luch fertilize the eggs as they 
emerge The clasping movement is a readily excitable reflex action of the 
male typically, male and female remain clasped for several dajs before 
the eggs are laid 

GENERAL FEATURES OF THE FROG BODY 

Body regions — In its contours the frog body shows a division into 
three regions — head, neck, and trunk — found in all higher vertebrates In 
the fish there was no distmctive neck In the frog, with the disappearance 
of the gills, which once lay in this area, a neck appears It is, however, 
shorter than in reptiles or liigher groups, and there is m consequence rela- 
tively little freedom of motion of the head on the body The trunk is much 
shorter than in typical \ ertebrates A marked specialization of the frog is 



the reduction of the tail; only a rudimentary stump remains, concealed in 
the general contours of the body. The hind legs are developed to an unu- 
sual degree, equaled elsewhere only by man and some other bipeds. These 
various specializations of the frog are to be associated with its peculiar 
leaping habits. 

Orientation. — In dissecting or describing a vertebrate, attention must 
be paid to terms used to describe the relative position of various parts and 
organs. The frog is, of course, bilaterally symmetrical, the right and left 
sides fundamentally mirror images of each other. The direction in which 
the animal moves (here the head end) is termed “anterior,” the opposite 
end “posterior.” Upper and lower surfaces are called “dorsal” and “ven- 
tral” (Latin for “back” and “belly”). An annoying feature in the attempt 
to compare any four-footed animal with roan lies in the fact that roan’s 
upright posture causes changes in directional terms. Since anterior means 
the direction in which an animal moves, this term in roan becomes the 
same as ventral, and posterior the same as dorsal. We thus need new scien- 
tific terms for the up-and-down directions in man; these are supplied by 
using “superior” and “inferior.” The confusion that can be (and is) caused 
by this shift in posture can be readily imagined. 

It must be remembered that most diagrams of body organs are drawn 
from the ventral side, as they are seen in the dissection of the abdomen. 
The right side of the animal is thus to the reader’s left, and vice versa. 

Superficiai features. — Most of the frog body is covered with a soft, 
moist skin, interrupted by a number of openbgs or other topographic 
markers. At the front is the widely gaping mouth; just above its anterior 
end are the external openings of the nostrils (or nares). Farther back on 
the head are prominent eyes and the large eardrums. At Uie posterior 
end of the body is foxmd the opening of the cloaca, a pocket into nhich 
open not only the digestive tract but ako the lubes carrying urinary and 
reproductive products. 

Body cavities. — When the dissection of the internal organs begins, it 
will be found that most of them lie packed in compact fashion in a large 
cavity — the body cavity, or coelom. Here are found most of the digestive 
organs — stomach, intestines, liver, and pancreas — as well as the reproduc- 
tive organs and spleen, while the kidneys are exposed on the back wall. 
In mammals the lungs He in separate compartments, separated from the 
abdomen by a muscular partition, the diaphragm; but in the frog the 
lungs extend freely into the general cavity. As in every vertebrate, how- 
ever, the heart occupies a separate pericardial cavity. 
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Tht coelom is lined by a thin but continuous membrane known as the 
peritoneum Ihis covers not merely the outer walls but also all the con- 
t lined organs These do not “float” freely m the body cavity but arc at- 
tached to the walls bj folds of the membrane, called mesenteries Ihe 
most important mesentery descends from the midlme of the back wall of 
the abdomiml cavity to anclior the stomach and intestine m place 
SKIN 

In the frog, as m everj vertebrate, the skin consists of two lajcrs The 
more superficial is the epidermis, consisting of a sheet of cells which forms 
a moist and thin but continuous outer covering Deeper lies the dermis, 
mainly a fcithke mass of connective tissue fibers but containing blood 
vessels, nerves, and sensory structures In its skin the typical modern 
amphibian differs markedly from both its fish ancestors and the reptiles 
The fish was covered by thick, bony scales placed in the dermis, the frog 
has lost all trace of these structua*s On the otlier hand, typical reptiles 
have acquired sujierficnl scales, or scutes, formed by deposits of horny 
material in the epidermis Such scales are lacking in amphibians, although 
slight deposits of horn may form in the skin m some eases The frog is thus 
left without the protection of either t>pc of scales, and its soft skm makes 
it necessary for the animal to slay m damp environments to prevent c\- 
cessive drying Nevertheless, this type of skm has one advantage It is a 
moist membrane which is capable of absorbing oxj gen and giving off car 
bon dioxide, nchb supplied with blood vessels, it acts as an accessory 
lung 

Tile skm contains numerous glands of simple construction, essentially 
globular pockets of the epidermis Most of these secrete a mucous material 
which keeps the skm moist Relalivciv few m number are larger glands 
which produce an acrid fluid thought to be poisonous in natuie While this 
appears to be relatively ineffective m frogs, certain toads secrete definitely 
poisonous materials 

Just beneath the epidennis is a layer of cells containing pigments of at 
least two tjpes — one dark, one jellow — and crystalline granules Combi- 
nations of these elements m different proportions and positions give the 
green, blown, and other frog colors Further, the colors in many cases are 
not fixed but may show changes, owing to expansion or contraction of pig 
ment bearing cells or to changes m theic relative positions 
NERVOUS SYSTEM 

In the nature of its nervous tissues m general— the spinal cord, the pe 
ripheral nerves, and the autonomic nervous system — the frog and man are 
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essentially similar. In fact, apart from the brain, the only noteworthy dif- 
ference between the two is that in the frog the body is so shortened that 
there are but ten pairs of spinal nerves in contrast to three times that 
number in man. 


Even in the brain many features are closely comparable with those seen 
in man. At the back end of the frog brain is the medulla oblongata, which 
appears in general structure to be little more than an expanded portion of 
the spinal cord with which it is continuous. In the medulla are earned out 
many of the more automatic nervous activities of the frog body, and to 
this region of the brain attach most of the cranial nerves. A projection 
above the front end of the medulla 


is the cerebellum, associated with pos- 
ture and muscular co-ordination This 
structure is much smaller in the frog 
than in most vertebrates 
Farther forward, the only notable 
feature of the midbram region is the 
pair of dorsal swellings, tlie optic lobes 
to which m the frog (although not in 
man) run most of the nerve fibers from 
the eyes A bit farther forward, in a 
region anatomically considered to be- 
long to the forebrain, in a general 
sense, is a pronounced ventral swellmg 
m the neighborhood of the optic nerves 
— the infundibulum Just below and 
behind it is a rounded (readily de- 
tached) structure — the hypophysis or 
pituitary, a vitally important gland 
of internal secretion 

It is only m its most anterior por- 
tion that the frog brain, persistently 
primitive, differs radically from that 
of man. Here, in the frog, are found 



The nervoua sjstom of the frog seen from the 
\entra] side At the top, the >en(ral surface 
ot the brain, continuing into the spinal coni 
On the left side of (he figure (he ganglu and 


small, paired swellings, each somewhat 
constricted at midlength. Into the 
front halves (olfactory lobes) run the 


trunk of the autonomic (“s^'nipathcUc ’) 
nervous system arc slionn iii black The 
cranial nrri esare labeled in Roman numerals, 
the ten cptnal nerves m <Vrabic Spinal nerves 


nerves from the nostrils; the back 
portions are the cerebral Iiemisphercs. 
Tlie frog hemispheres ai>pear to ex- 


2 and 3 fonu the braciiial plexus for the arm. 
and components of nerv es 7-10 form a simitar 
plexus mnerv sting the hind leg (VftcrLckcr 
And IVicdcrshcjm ) 
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ercise some sliglil control over the animal’s activities, particulaily in 
causing response to stimulus received through the sense of smell. Ho\\e\er, 
if the hemispheres are carefully removed, without injury to other parts of 
the brain, and the animal allowed to recover from shock, it is found that in 
almost every respect the frog is capable of carrying on its normal life al- 
most exactly as before. Actually, it is the large optic lobes (which are very 
much reduced in mammals) which form the dominant brain center in the 
frog and control much of its activities. 

Far different, of course, is the situation in man. ^Vs we will note in chap- 
ter 11, the human brain is notable for the enormous expansion of these 
same cerebral hemispheres, whicli have grown so as to exceed greatly in 
bulk all the rest of the bram together and have come to be the directing 
centers for much of the body’s activities — the seat of consciousness and 
memory 



Laicra] and dorsal \iens of the frog brain Thecranul ner%ea are labeled m Roman numerabin ihe 
lateral Mew, r\ cerebellum, eh, cerebral hemispheres, mo, medulla oblongata, of/, olfactory lobes, 
op, optic lobes of midbraiu, p, pineal, pit, pituitary (After Uiedersheua } 


The frog possesses ten cranial nerves, comparable in major features* to 
the first ten found in man In man there is a well-developed twelfth nerve, 
absent in the existing amphibians, but found in reptiles, birds, and other 
mammals as well Its absence in tlie frog has often been thought to be a 
primitive character However, there is considerable evidence that it was 
present in primitive amplubians, here, as in other features, the frog is a 
bit degenerate. 

SENSE ORGANS 

Nose. — Since the internal openings of the nostrils He almost immedi- 
ately below the external ones, there is no opportunity for the development 
of large nasal passages m the frog. Nevertheless there are small, well- 
developed olfactory sacs folded in a complicated fashion, which appear to 
furnish the frog with important sensory information 
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Eye. — The fundamental pattern of the eye is similar in frog and man, 
but there are numerous differences in details of construction. Lids are 
present but are poorly developed; they cannot close of themselves, and the 
eye is shut by pulling the eyeball back into its socket On closure, a thin 
membrane attached to the lower lid and called a “nictitating membrane” 
covers over much of the surface The lens is nearly spherical and of a 
“fixed focus” type and cannot change either position or shape to accom- 
modate for near or far vision. The optical properties are such that the frog 
is nearsighted on land, farsighted with the eye immersed in water. As in 
all typical vertebrates, the retina contains both rod and cone cells. In man 




The eye of & frog {l^l) and of a mammal (rtght), cut in section The part of the ej eball in front of the 
lens IS filled «ilh a uaiery liquid, termed the “aqueous humor", the area behind the fens is filled 
Hith the ]elly>like "vitreous humor ’ The eyeball has a Inple lining, uithin is the sensory retina, 
outside of this the choroid coat, rich in blood vessels and pigmented, the external layer, the ’‘cleroid 
coat IS a stout fibrous covering, continuous in front with the transparent eyeball surface, the cornea 
In frogs the back of the eyeball is stitfened by cartilage In mammals there u generally n distinct cen- 
tral area m ohich details of vuion are clearest, this is only faintly indicated in a frog (arroir) (VfUr 
Rochon Duvigneaud ) 

the latter, which make for color vision and clear perception of detail, are 
concentrated m a central area, m the frog the U\o types are scattered 
throughout, and hence we may assume that visual acuity is less jiro- 
nounced Further, the frog lacks the stereoscojiic depth-effects possible in 
man and many other mammals This type of vision is rendered possible in 
mammals by a sorting-out of the ncr\c fibers from the e>es as they enter 
the brain, so that the sensoiy picLurcs recei%ed from the same objects by 
both eyes are superimjiosed on one another in sj)ecific brain areas to gi\ c 
an impression of depth. This docs not occur in the frog. 

The frog is, when at rest, popc>cd, the ej eballs projecting prominently 
from tlieir sockets but readily withdrawn. The withdrawal is accomplished 




The evolution of the ear region A-C are sections through the skull of a bony fish, a pnmitiie am- 
phibian, and a reptile at the Ie\el of the ear and hind end of the jbh In fish thehjomandibular bone, 
propping the jans, is braced against the brsincase, outside the point nhere the sacs and canals of the 
internal ear are situated close beside it is the spiracle, the first gill slit In primitive land animals 
the h^omandibular is generally transformed into a sound-conducting ossicle, the stapes (or columella), 
and the spiracular pouch becomes the middle ear cavity, connected with the throat by the Eustachian 
tube and closed externally by the eardiom. or tympanic membrane In reptiles the situation is 
similar D the ear region of a mammal in a more detailed view, two former jaw elements have been 
taken over as auditory ossmles, the malleus and incus E, side view of the skull of an ancient am- 
phibian the eardrum lav in a notch at the side of the head, in the same position as the fish spiracle 
F, typical land vertebrates the eardrum has moved farther backward and in mammals is inclosed 
within anew growth, the auditory bulla (o,g, bones of the jaw joint of a lower vertebrate (articular, 
quadrate] which are transformed into the malleus and incus in mammals, <f, the dentarj, pnncipal 
bone of the lower jaw [and the only bone m mammals], ««, Eustachian tube, hm, hjomandibular, 
1, incus, m, malleus me, middle ear cavity oe, external ear tube of mammals, s, stapes, ep, spiracle, 
tm, tympanic membrane ) 
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brain. In the frog the pineal body has almost completely disappeared ex- 
ternally but may be sometimes identified as a tiny pigmented spot in the 
skin between the eyes, almost completely separated from the brain. 

Ear. — The frog lacks the external tube of the ear seen in mammals, and 
the promiment eardrum is exposed on the surface Within the drum is a 
middle ear cavity communicating with the mouth (as in man) by a Eusta- 
chian tube A single bone crosses this cavity to carry vibrations from the 
drum to the inner ear, buried m the braincase. In man three ossicles are 
present here. That of the frog corresponds to the innermost of the three. 


Frog 

Guinea Pig 

72ie !ef( internal ear of a frog and (tiat of a tnaaicaaf T/ivs u a /atcrat Niew of the saca and cana/s, 
irhicb are filed rtith a liquid, the endo}>D)ph, surrounding the eodcljinph s;^stem, but ailhia the 
'Kails of the ear capsule, is a second fluid, thepenlymph (Sensory areas in the^^allsof the endolj-mph 
vessels are stippled ) The three semicircular cauab present in each case register mo^ cment of the head 
in space, the sensory areas in the sacs, Iheutriculus (u) sndsacculus (t), in the mam register the static 
position of the head but also haw some association with hearing In mammab hearing is concentrated 
in a long, coiled outgrovtth, the cochlea 

the stapes, and hence may be so termed (although usually designated as 
“the columella”). The other two ear ossicles of the mammal, the malleus 
and the incus, are present in the frog, as in all vertebrates except mam- 
mals, as portions of the lower and upper jaws which articulate with each 
other. 

The basic portion of the ear system consists of the inner-ear structures, 
lying within the braincase. Here tJiere is a system of canals and sacs filletl 
with a fluid (endolymph) and contmniiig areas with sensory cells. The pri- 
mary function of the x ertebrate ear is the sense of balance, of equilibrium ; 
hearing is a secondary function. Three little canals — the semicircular c.i- 
nals — are present, the three at right angles to one another. These regbter 
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the movement of the liead and llie frog as i whole Below the canals lie 
two sacs (utnculus and sacculus) with sensory areas that register the 
static position of the head These structures are similar to those found m 
man and \ertebrates generally In man and other mammals, however, 
liearmg is registered in a long, coiled, liquid filled tube which may be 
larger than all the other parts of the car put together This is absent in the 
frog, hearing reception takes place only m a small pitch of tissue in the 
sacculus This suggests tint, although the frog can hear, it lacks the ability 
to discriminate between tones of various pilch, as is the case in animals 
with a cochlea B»iss and soprano may be one to the frog 

Lateral line organs — Fish possess a system of sensory organs arranged 
in a pattern of pits and lines on the head and down the flanks which appear 
to register movement and pressure m the water about them and thus 
afford valuable sensory aid to the swimming animal Such organs are still 
present in the tadpole Ihey disappear, however, at metamondiosis and 
arc absent m the adult frog, reptiles, too, have lost them, and they never 
reappear in higher vertebrate groups 

DIGESTIVE SYSTEM 

The frog’s moutli functions primarily as the anterior end of the digestive 
tract Teeth are feeble and are confined to the upper jaws, wliere there is a 
row along the jaw margins and a small patch on the front part of the 
palate The tongue was noted m the discussion of frog habits Mouth 
glands are poorly developed Beyond the mouth the alimentary canal 
passes back through the short pharynx, or throat region, and the disten- 
sible esophagus to reach the stomacli Pharynx and esojihagus are lined 
with cilia, tiny hairhke structures, which, beating rhvthraicallj, aid in 
passing food particles downward The stomach is a simple pouch not dis 
similar to that of man in shape and functions but rather less curved 
Here food is stored, manipulated mechanically by stomach movements, 
moistened by mucus, and reduced to a pulp Here, too, part of the chemi 
cal process of digestion takes place, for carbohydrate materials are partly 
broken down by the action of pepsin and hydrochloric acid secreted 
by stomach glands The stomach terminates at a constriction, the pylorus 
(“gatekeeper”), where the food passes to the small mtestine 

The pancreas, as m vertebrates generally, secretes the major digestive 
enzymes which break down food matenals into simple substances capable 
of bemg absorbed into the body It is rather diffuse in shape and lies along 
the course of the bile duct, into which its secretions pass to reach the in 
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teslme. The liver typically has two major lobes, left and right; between 
them is a smaller lobe, while the gall bladder occupies a median position 
on the dorsal surface of the liver. In the liver occur major chemical proc- 
esses of altering food materials, storing carbohydrates as the complex su- 
gar glycogen, and sending off waste products as bile. The liver undergoes 
marked seasonal changes. In the summer it becomes large and light colored 
and is filled with food materials. During hibernation this food store is con- 
sumed, and the liver becomes a relatively small dark structure. 


The small intestine of the frog 
has functions similar to that of man; 
here the breakdown of all food types 
— carbohydrates, fats, and proteins 
— is completed, and the simpler mol- 
ecules to which it is reduced are ab- 
sorbed into the body through the in- 
testinal walls The small intestine is 
relatively short, with but few coils. 
However, the tadpole, which eats 
vegetable rather than animal food, 
has a much longer intestine, coiled 
like a watch-spring. The large in- 
testine is a short straight structure; 
there is no caecum or appendix. Its 
narrower, distal portion, the rectum, 
opens out into the cloaca, a pocket 
into which urinary and genital prod- 
ucts also empty. The cloaca is a 
structure common to most lower 
vertebrates but absent in man and 
most mammals, where the intestine 
opens separately to the surface. The 
outer opening of the cloaca is closed 
by a sphincter muscle. 

RESPIRATORY SYSTEM 
The adult frog is an air-breather 
and a possessor of lungs. But even 
in tlie adult there are accessory 
breathing structures, while the tad- 
pole is a water-dwelling user of gills. 



The digeslue system of the frog from the 
sentraiside. At the front theloKer jaw fuu been 
cut away U> expose the root of the mouth Much 
of thelner has been cut away and the remainder 
represented as pushed upward to expose the gall 
bladder and ducts. ()Iodt£ed from Uicders- 
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Air in passage to tlie lungs enters the mouth through the nostrils The 
internal openings (choanae) are near the front of the mouth, for there is 
no de\cloi)ment of a secondary palate such as is seen in mammals Ihe 
entrance to the lungs is the shthke glottis far back m the floor of the 
mouth Below the glottis is a small clianibcr, the larynx, which is partially 
inclosed by cartilages belonging to the h>oid apparatus, these cartilages 
are remnants of the old gill bar system of the fish The frog has no develop 
ment of a long trachea such as is found in man, for the neck is short, 
beyond the larynx the air lube divides into two passages which almost 
immediately arrive at the lungs Tiiese are relatively simple (and relatively 
incflicient) sacs lacking the complicated folds seen in the human lung 

A mammal breathes by movements of the ribs and diaphragm which 
suck air into the lungs The frog lacks both of these structures and must 
use other methods There are two steps m filling the lung First, with the 
mouth shut and nostrils open, the floor of the mouth is depressed This 
sucks air into the mouth cavitj Then the nostrils are closed and the 
mouth floor raised, compressing the imprisoned air, which is thus pumped 
through the glottis to the lungs However, the lungs are filled only at m 
tervals, and mouth breathing is a more frequent practice As may be ob 
served in a resting frog, the floor of the mouth rises and falls m a gentle, 
regular rhvthm Everj now and then there is a more violent movement, 
indicating the filling of the lungs The rest of tlie time there is merely a 
flow of air m and out of the mouth cavity This orifice is lined with moist 
skin and acts as a breathing organ 

Still further the skin of the frog is a moist and usually soft membrane 
It can and does function m breathing and is richly supplied with blood 
vessels which utilize its potentialities as a respiratory organ It has been 
found by careful measurement that even under normal conditions more 
carbon dioxide is given off by the frog’s skin than by the lungs, and a frog 
submerged in cool water can obtain enough oxygen through the skm to 
live for several days 

"Most vertebrates, apart from birds and mammals, are voiceless, tlie 
frogs, however, have evolved a pair of vocal cords which are fairly com 
parable to those of man and consist of a pair of elastic bands running 
across the larynx Sounds are produced by the passage of air over these 
cords In main frog species the males possess vocal sacs on either side of 
the throat which open into the floor of the back part of the mouth These 
serve as resonators to reinforce the sounds produced by the cords 
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EXCRETORY SYSTEM 

In all vertebrates the basis of the excretory system consists of numbers 
of tiny tubules which filter from the blood water and w’aste matters, ex- 
creted as urine — very dilute in frogs. The mass of tissue containing the 
thousands of tubules constitutes the kidney Despite the fundamental 
similarity of the units composing this structure, there are, in the various 
vertebrate types, marked differences in the shape and position of the 
kidneys and the drams passing tlie urine to the surface 

In the frog the kidneys form a pair of oval strips of dark-red tissue im- 
bedded in the back wall of the body cavity, whereas in man the kidney is 
much shortened and thickened to form a large bean-shaped structure, 
more posteriorly placed In the frog, as in lower vertebrates generally, the 
urine passes into a duct (technically knorni as the “Wolffian duct”) 
winch, in the male, also carries the sperm from the testis In all vertebrates 
abo\ e the amphibian level — reptiles, birds, and mammals — this tube has 
been given over to reproductive functions exclusively, and the urine leaves 
the kidney through a newly developed duct — the ureter This name is 
sometimes applied to the functional kidney duct of the frog, but im- 
properly so, for the two are not at all homologous In tlie frog the urme- 
carrying ducts pass directly to the cloaca, and a bilobed bladder for urine 
storage is found in the floor of the cloacal pouch In man, on the other 
hand, the urinary bladder is more internally situated, and the two ducts 
lead directly to it 

REPRODUCTIVE ORGANS 

Female structures. — In the female frog the ovaries, the primary sex or- 
gans, are paired, more or less lobulate bodies lying m the dorsal part of 
the body cavity They undergo great seasonal changes, ^^^^en breeding is 
over in the spring, they are reduced to tiny wrinkled bodies. During the 
summer they increase in size and by autumn may fill much of the abdo- 
men With tlie coming of the breeding season, the numerous eggs, which 
have been maturing meanwhile, burst out of the ovaries to fill the body 
cavity 

From this cavity the eggs pass to the surface through the oviducts, 
w’hich also vary greatly from season to season and are much enlarged at 
breeding time. These tubes run most of the length of the abdomen. An- 
teriorly, near the base of the lung, is a wide, funnel-shaped mouth into 
which the eggs pass from the body cavity. Much of the length of the tube 
is highly convoluted. The inner surface of tlie duct is much wrinkled at 
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breeding time. Tlie ridges, are covered with ciliated cells which are instru- 
mental in passing the eggs down the duct. Betueen the folds are glands 
which secrete a gelatinous material to coat the egg. Near the exit to the 
cloaca there is a thin-walled portion of each tube — the uterus. In these the 



The urinogcniUl orgins of the female frog 
seen froDi tlic central aspect (semidiagram* 
matic) The urinary structures nre similar to 
those of the male, but the sex products do 
not utilize the urinary duct, instead they 
pass through the highly coiled o\ iduct (which 
may be present in rudimentary form in the 
male also) On the left side of the figure the 
oiary has been remoied and the oviduct 
artificially straightened to show ita true 
length The genital system is shown in a 
quiescent stage, as the reproductive period 
approaches the ovaries grow enormousl}, 
and subsequently the “uteri’ are distended 
with eggs 


eggs collect before they are extruded, 
and the uteri may become greatly dis- 
tended. These structures are not, of 
course, particularly comparable to the 
true uteri of mammals, in which de- 
velopment of the young takes place. 

The oviduct docs not function in 
the male, but in some species of frogs, 
including the leopard frog, it is present 
in a rudimentary state, lying lateral 
lo ibe kidney duct. This is iduslralive 
of the fact that in early development 
the typical vertebrate does not, so to 
speak, “know” wliich sex it is destined 
to be, and tiic beginnings of the typi- 
cal organs of both seves may be pres- 
ent. Later in development the organs 
of one sex or the other dominate; those 
of the opposite se\ may disappear 
but may (as in this case) persist in a 
rudimentary, nonfunctional state. 

Mole organs. — The primary sex or- 
gans of the male, the testes, are round- 
ed bodies lying ventral to the kidneys 
and bound by membranes to the dorsal 
lining of the body cavity. The frog 
lacks the coiled epididymis wliich in 
mammals adjoins the testis. Instead, 
a number of efferent ducts pass across 
into the front part of the kidney. 
Crossing this structure, the sperm 


at breeding season pass down to the cloaca through the Wolffian duct, 
which, as noted above, also carries the urine. This situation, m which 


the testes “impose on” the kidneys to obtain an outlet, is apparently a 
fairly primitive vertebrate condition In mammals, the two types of prod- 
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ucts follow separate courses most of the way to the exterior. This is accom- 
plished through the Iddney evolving a new duct (ureter) for its exclusive 
use and politely turning the older structure over to the reproducti\ e sys- 
tem as the sperm duct (ductus deferens). The front part of the kidney 
has been abandoned to help form the epididymis. 

In both sexes we find, just in front of the 
gonads, a large yellowish oigan, the fat 
body, with branching finger-like processes. 

This body serves as a storehouse for nu- 
triment, waxing large in the summer and 
decreasing in size during the breeding 
season; apparently the stored-up nutritive 
material is used by the sex organs. 

CIRCULATORY SYSTEM 

Blood. — All vertebrates have a major 
liquid component, the plasma, mainly 
water containing salts in solution as well 
as complex proteins specific for the blood 
stream and varying from form to form. 

Carried along in this fluid are the blood 
cells, red and white. In the frog the red 
cells are large and oval in shape, in con- 
trast with the rounder cells of man, for 
example, further, they tend to retain the 
nucleus, although at certain seasons a 
large proportion may be enucleated, as 
in mammals. Wliite cells abound, although 
the types present (and slioivn in tlic ac- 
companying figure) vary somewhat from 
those of man, which arc usually cited in 
descriptions of vertebrate blood. All wr- 
tebrates possess some sort of tiny structures associated with the necesiUiy 
function of blood clotting after injuiy; in the frog these are known as 
“spindle cells “ 

Arteries. — In the fish the blood in the arteries flows from heart to gills 
before passing on to the body capillaries. In the frog tadpole this primitive 
situation still persists. In the adult, however, the gills and Uicir circulation 
arc eliminated. The blood from the heart flows forward and upward 



Tbe unDogetuul organa ot the male frog 
seen from the Nentral surface (scmidut- 
grammatic) The testes ha\e been 
pushed slightly laterally to shon the 
slender vessels passing from Uiem into 
the medial side of the kidneys The 
suprarenab are thin masses of tissue 
Ijing on the ventral surface of the kid- 
neys The kidney dueU (abo termed 
mesonephric or Wolffian duels) dram 
not only the kidnep but the testes as 
well The reproductive system IS repre- 
sented as in a quiescent stage At Uic 
time of sexual activity the testu is en- 
larged, and the seminal v&iicle may be 
greatly distended uitli sperm. 
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around the &idej> of the throat in vessels representing (as in man) three of 
the paired channels wliich in fishes lay between the gill slits. 

Jlost anterior of these channels arc the carotid arches, which carry 
blood to the head. Back of them are a pair of much larger vessels, which 
carry the blood to all parts of the trunk and limbs. These are the aortic 
arches. They run back above tlie body cavity and fuse to form a large 
median vessel, the dorsal aorta, which runs back close to the backbone. 
A notable difTcrcncc between frogs and the most advanced vertebrates, the 
birds and inaminals, is that the frog preserves both members of the pair 
while in inaminals that of the right side has been abandoned, and the 
dorsal aorta is continuous with the left .irch, in birds the left arch is aban- 
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The principal of bloo*l cvlli in the leoparJ troe A, a normal r»i tlooJ cell (erythrocyte). 
JJ-D, uhite hlocxl eorpuiWea a small ha>phoc>te C, a Urge uhitecrll htleJ nith ^ranulea ULing 
acid aUina D, a Urge ^^hl(c cell »ith subdivided ( *p<d>inorphic’') nucleus E, a spindle ceil, usoci* 
ated with blood clotting (From Noble, after Jordan ) 

doned and the right only is retained Most posterior of the arteries arising 
from the heart are those which lead to the lungs, the pulmonary arteries. 

Veins. — Into the frog heart empty veins carrying blood from the body 
organs A pair of pulmonary veins drains the lungs. Two large vessels, 
anterior cardinals or venae cavac, bring blood from the head, front legs, 
and skin These are compared with the superior vena cava of man and 
other mammals, which has similar functions but has become a single 
rather than a paired structure From the back part of the body comes the 
posterior vena cava, draining kidneys and liver. This large vein is closely 
comparable with the inferior vena cava of man, the shift in name being, 
of course, related to the changed posture of the body. 

Blood from the legs and gut, however, does not pass directly to the 
heart, instead, the veins from these regions lead to capillary systems in 
other organs — liver and kidneys — through which they dram before enter- 
ing the mam venous circulation Such systems of veins are termed portal 
systems One, the hepatic portal system, present m lungfishes and all land 
vertebrates, receives blood from the gut and sends it to the liver, where 
part of the food content may be stored In the frog this system also re- 
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ceives part of the blood from the fund legs via a vein along the abdomen 
In the frog we find also aienal portal system, present in most low er verte* 
brates but abandoned m birds and mammals This receives the remaining 
blood from the legs and sends it to circulate m the kidneys, thus assuring a 
sufficient flow of blood m those organs 

Heart — ^In the typical fish the heart is a simple structure with simple 
functions In it is received, in a single stream, the blood from all the or- 



Artefial sj-slcm o( the toad seen from tbe ventral side The blood leaves the heart throu„h three 
pain of channels The most posterior (pulioo>cutaneo{iaarcLc9), uhicharemainly/UW ilcozj^co 
ated blood from the body, pass to the lun^^sand to ibeaLtn (« hich is an acreuory breathing structure) 
The main aortic arches carry blood to tbe bod) and limbs. Uie most anterior (carotids) supply the 
head ( Vftcr Jamrocs.) 
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gans. This is “spent” blood, deprived of its ovjgcn in its passage through 
tlie body, and tlius all of it is ready to pass to the breathing organs, the 
gills, to receive a new sujijdy of that necessary element. We find, thus, 
that the fish Iicart is basically a single-lube structure pumping all the 
blood it receives forward m a single stream to the gills 
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In lung breathers, however, a major complication arises T\\ o blood 
streams are present Fresh blood from the lungs should pass to the major 
body structures, while spent blood from the body should be pumped to the 
lungs In man and other mammals this ‘problem” has been adequately 
sohed Both major parts of the heart — atrmm (or auricle) and \entncle — 
have been divided down the middle, a double barreled pump has been 
created, and the two blood streams are completely separated, although 
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passing simultaneously through the one organ. In the frog the problem is, 
so to spealc, in process of solution. The heart is incompletely divided; but, 
nevertheless, the two streams are fairly well separated. 

The atrium, single in the fish, here consists of two chambers. The spent 
blood from the body first enters a thm-walled sac, the sinus venosus, on 
the upper surface of the heart and thence passes to the right atrium. The 
fresh blood from the lungs, on the other hand, passes into the left atrium. 
The two blood streams thus enter the heart separately. 



A mucli-simpliiied Jiafp-am to sliotv Uic exolution of the tlouhfe circuktion through the heart due to 
the substitution of lungs for gills in higher \erlchrale< In (he hsh the blood from the breathing organ 
(gills) £owed directl}, \ la the arteries, to tlie body (sjstciair capithries), and hence the heart seas a 
simple pump Hovte%cr, in lung>bearing fish and in amphihians the lungs return their blood to the 
heart, »hcn* it tends to mix nitb “spent” blood from the body Crossnise subdivision of the Jieart 
in birds and mammals separates the two streams (From C arUon and Johnson, The Mackineri/ oj the 
Body ) 

Beyond this point, however, structural separation does not occur. The 
ventricle is a single structure and so is a final region, the conus arteriosus, 
out of which lead all the major arteries It would seem that the two 
streams would become hopelessly mued in their further passage through 
the heart. 

But, in fact, little mixture does take place. It will be noted that the 
right atrium opens into the ventricle farther foiward than the left. When 
the atria contract, this topographic situation results in a ventricle filled 
with blood of both sorts but with the spent blood in advance of that from 
the lungs Beyond the ventricle the arterial cone contains a peculiar spiral 
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value which tends to direct blood more readily to the pulmonary arteries 
than to the other sets of vessels. When the ventricle contracts, the sjient 
blood thus tends properly to pass to tlie lungs; the blood behind, fresh 
from the lungs, finds the passages leading back to those structures full and 
hence flows, as it should, to the arches reaching body and head. The frog 
system of separation of blood streams seems a poor makeshift, but it 
works fairly effectively 



The heart of the frog as seen m diagrammatic section from the v entral surface Tllood from the lungs 
enters tlieleft atrium through the pulmonarr teins and thence p-isscs to the i-entriclc Deox>gonatcd 
blood from the body first passes sia the \eiiac eaxae into the sinus \enosus, which lies on the dorsal 
surface of the heart and u not seen in this figure Thence tt enters tlte right atrium (uhich is exposed 
m the figure on either side of the artenal cone) and from this chamber into the scnlricte From the 
lentncle the blood passes upward in the conus arteriosus \ spiral >ahe here assists in sorting out 
fresh and deox> genated blood so that the latter tends to enter tlie pulmo^taneous arch, while the 
fresh blood tends to pass to the carotid and aorticatvbes 

Lymphatics. — Higher fis>hes and all land vertebrates have, in addition to 
the veins, a second system of vessels returning fluid from the tissues to the 
heart. Unlike the veins, these do not connect with the arteries via the 
capillaries and hence do not carry red blood cells Except for a duct run* 
ning along the top of the abdominal cavity which collects fats absorbed by 
the intestine, these vessels, the lymphatics, are of little importance in 
reptiles, birds, and mammals. In Uie frog, however, t)ic lymphatics arc 
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numerous. Tliey mostly occur in tlie form of large, thin-wallcd sacs of ir- 
regular shape, between which there is a sluggish flow of liquid. X lymphatic 
“cistern” of this sort occupies a large area above the walls of the body 
cavity and below the backbone; still more imiiortant is a whole series of 
lymph spaces which lie beneath the skin. Circulation of this liquid is 
brought about through the presence of two pairs of small pumping struc- 
tures, the lymph hearts. One pair lies at the sides of the third segment of 
the backbone, the other pair is near the tip of the tail bone. They pulsate 
regularK and dram the lymph into the adjacent veins. 

ctrotids 



The human heatt v>iih ils chambers opened fiom Ibo \entTal surface (modified from Jammes; 
semidiagrammatic) Blood from the lungs enters the lefl atrium (auricle) through the pulmonary 
\eins, passes through the left ventricle, and leaves the heart via the aorta with its various branches 
Blood from the remainder of the body reaches the right atrium through the tu o venae cav ae, passes 
through the right v entricle, and thence reaches the lungs by the pulmonary artenes 

CLANDS OF INTERNAL SECRETION 

In all vertebrates we find, m one part of the body or another, important 
glands regulating body functions by secreting chemical “messengers,” or 
hormones, into the blood stream. Typical glands of this sort are present in 
the frog. Since, however, much of the work on eudocrines has been done 
from the point of view of medieme writh emphasis on man, our knowledge 
of amphibian secretions is not so complete. 

We have noted the presence of a well-developed pituitary in the frog. 
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Here, as in man, this gland is of great importance not only in its direct 
effects but also through its influence on other endocnnes An interesting 
item to the biologist lies m its influence on the gonads Many biological 
jiroblems are studied through mvesbgation on amphibian eggs and larvae 
It was formerly necessary to wait until tlie spring breeding season to ob 
tain eggs for such work Now it has been disco\ ered that an extra “shot” 
of pituitary extract may cause the laymg of frogs’ eggs at almost any sea- 
son desired The pituitary also has an influence on the coloration of frogs 
If it is removed, the darkly pigmented cells of the skin contract, and the 
frog becomes pallid, mjections of pituitary extract restore the normal 
color 

The frog thyroid is similar m function to that of man, it fonns by a 
budding out of tissue from the floor of the throat and secretes a substance 
(containing iodine) which has an important effect on growth and metabo- 
lism Because of its importance in growth, it is but natural that it has been 
found to be of great importance at metamorphosis — the time of trans 
formation of the tadpole into the adult frog shape If thyroid extract is fed 
to immature tadpoles, they change promptly into tiny adults If, on the 
other hand, the thyroid be removed from a young tadpole, it may continue 
to grow and may even reach sexual maturity but never change from the 
tadpole body form 

A number of small structures arise from the margins of the gill pouches 
in all land vertebrates In mammals they include the thymus, a small 
mass of throat tissue whose functions aitj poorly known, and the para- 
thyroids, small nuggets of tissue which become embedded m the thyroid 
and are of great importance in the use of the element calcium in the body 
The frog has a somewhat comparable set of glands, little, however, is 
known of the possible functions of these bodies In the frog, as m verte- 
brates generally, the pancreas contains ‘islands” of tissue which do not 
secrete enzymes into the intestine but are the source of insulin This is a 
material essential for the regulation of sugar metabolism, if deficient, it 
produces the condition known in man as diabetes In all higher verte 
brates there are, near the kidneys, endocrine glands termed the adrenals, 
with a double function One senes of products, while imperfectly known, is 
of \ital importance m regulating llie composition of body fluids and kidney 
function, a very different product is adrenalin, a chemical which rouses the 
body to activity m times of stress The frog adrenals consist of hands of 
yellowish tissue extending along the undersides of the kidneys In these 
bands are mixed masses of cells produemg these two types of secretions 
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SKELETON AND MUSCLES 

It IS jn the skeletal sysltni that \vc find the most marked specializations 
of the frog 1 he hopping gait is ob^ iousI> responsible for the peculiar con- 
struction of the legs and limb girdles and undoubtedly has had mucii to do 
with the great shortening of the body Even the skull is rather specialized 
and degenerate Except for the expanded braincasc, the human skeleton, 
“advanced” as ne think it to be, has a better claim to be regarded as 
primitive than has that of the frog The study of the frog skeleton is not 



Skeleton of a common toad Except m minor detaib this u identical with the frog skeleton (\fter 
Jammes ) 


Without interest, but we must not delude ourselves into believing that we 
are dealing with a “generalized” structure 

The muscles too are highly specialized m many ways, particularly those 
of the limbs In the course of study of the frog there is frequently mcluded 
a dissection of some part of the musculature, such as the thigh This is of 
use as an introduction to the methods of muscle dissection but is not to 
be regarded as of importance for purposes of comparative study The 
muscles of this region form a complex system To them are given names 
such as “sartonus,” “gracilis, ’ etc , which suggest that we are dealing 
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with the muscles known by the same terms in man. Comparative studies, 
however, show that for the most part this is not the case. The primitive 
land animal, with a clumsy gait, appears to have had but a small number 
of relatively massive muscles in its limbs. Both frog and man have become 
agile types in which these muscle masses have eventually become sub- 
divided into an intricate system. But the subdivisions have taken place 
independently in the two types, and there are few instances in which we 
can be sure that frog and human leg muscles are actually identical 

Both cartilage and bone are present in the frog; cartilage is rather more 
common, however, in tlie amphibian than in higher vertebrates. ]\Iuch of 
the skull fails to ossify In the limbs of mammals the terminal portions 
form separate bony epiphyses, with “growing points” of cartilage between 
them and the shaft In the amphibians there are no such structures, and 
the ends of the bones frequently remain in a caitilaginous condition. 

Trunk skeleton. — In the frog the length of the body and, in conse- 
quence, the number of segments in the backbone are much reduced In a 
majority of vertebrates (although not in man and his ape relatives) there 
Is a long tail containing half-a-hundrcd or more vertebrae in many cases. 
In the frog the tail no longer projects beyond tlie body contours, and of 
the tail vertebrae there remains only a spikeJike structure termed Uie 
urostyle, or “tail pillar.” 

Equally remarkable is the reduction in the more anterior part of the 
vertebral column. In most land forms the neck and trunk together contain 
about two dozen vertebrae, frequently more. In common frogs there are 
only nine. A typical vertebra consists of two parts, neural arch and cen- 
trum, although the two ossify in the frog as a single bone. The arch incloses 
the spinal cord, extends upward as a neural spine, and sends out on either 
side an elongate transverse process. Both anterior and posterior margins 
o/ Che arch bear a pair of processes fcrmcc/ zygapojihyses, 6y means' of 
which the successive vertebrae articulate with one another. The articular 
surfaces on the anterior zyga]>opliys8s face upward and inward, the pos- 
terior ones downward and outward. The centrum is oval in section, con- 
cave in front and convex behind, each centrum receiving the projecting 
posterior end of the one ahead. The first vertebra has, anteriorly, a pair of 
concave oval surfaces which articulate with the skull; the last of the scries, 
the sacral vertebra, has unusually heavy transverse processes which con- 
nect with the pelvic girdle. In nearly all vertebrates ribs are present, ar- 
ticulating with trunk vertebrae; the frogs are notable for the entire 
absence of these structures. 
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Head skeleton. — The major skeletal structure of the head region is tlie 
skull, inclosing the brain, sheltering the sense organs, and forming the 
upper jaus. The skull in the frog, as in other living ampliibians, is much 
flattened, and a considerable portion remains in an embryonic cartilagi- 
nous condition. As in other living vertebrates above the shark level, two 
types of bones are jiresent — those wliich replace cartilage and the more 
superficial dermal elements. Few replacement bones, however, arc present 
in this degenerate type, of bones seen in the diagrams only three — sphe- 
nethmoid, pro-otic, and evoccipitnl—are of this nature. The remainder are 
dermal elements But here, too, many bones primitively present have been 



The skull of the bullfroi; seen from dorsal and \cntral surfaces Cartilagmoua areas are stippled 
Certain of the I1cr^e exits arc marked m Roman nuineraU nad, occipital condole, tz, exoccipital. 
ext nar, external nares, [r par, fused front'll and pancLil bones, ml nar, internal nares, mx, maxilla, 
na, nasal on, otic notch partially surrounding eardrum, /xd, palatine, pat, parasphenoid, pmx, pre* 
maxilla pro, pro-otic pt, pterjgoid, 97, quadratojugal. Quod cart, quadrate cartilage, tphetk, xphencth- 
moid squamosal ro, corner 

lost At the back of the skull, below and on either side of the foramen 
magnum (the “big hole” through which the spinal cord emerges), are 
paired projections, the condjies, which articulate with the first vertebra. 
Mammals, including man, also have two condyles, wheieas reptiles and 
birds have but one At one time it was believed that this similarity indi- 
cated that the mammals were direct descendants of the amphibians. This, 
how ever, proves not to be the case, for w e now know that early amphibians 
had only one condyle, the frog and mammal have in this regard merely 
evolved m parallel fashion. 

Whereas the human jaw consists of but a single bone, that of the frog 
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contains three bony elements of the ten or so primiti\ely jjresent in land 
vertebrates. In the throat region between the ia^vs lies a series of cartilages 
known collectively as the hyoid apparatus; they are the remains of the 
bars which in fish stiffened the gill arches. 

Girdle and limb skeleton.— In the bones of the appendages and the 
girdles which support them, the frog exhibits most of the elements found 
in all typical land vertebrates but in a rather specialized condition corre- 
lated with leaping habits 

The pectoral, or shoulder, girdle, supporting the front legs, includes as a 
main dorsal element the scapula, corresponding to the human shoulder 



Sliould«f gircUe of the frog seen spread out ui ventral vie» Except for the clanclc (collarbone), the 
elements are preformed in cartilage, and coosiderabte cartilage may remain even in the adult The 
major elements of the girdle are scapula and coracoid In Uie center arc elements of the sternum, 
v> hich pertains to the axial skeleton rather than the shoulder girdle 

blade; above is a feebly ossified extension, the suprascapula Below the 
arm socket a bone extending downward and backward is the coracoid (the 
human bone of this name is a mere nubbin) Directly down below’ the front 
of the scapula is the clavicle, the equivalent of the human collarbone In 
the vential midlinc is a fore-and-aft series of bones and cartilages which 
forms the sternum 

The pelvic girdle includes a more or less circular structure into the 
middle of which fits the head of the thigh bone, and a long process wliich 
projects Upward and forward to articulate with the sacral \crtcbra. The 
upper bone of tlie girdle is the iliuin; a bone at tlie posterior end is the 
ischium. Besides these two elements the human pelvic girdle includes a 
third, the pubis, m the frog (as in many amphibians) this bone tends to 
remain unossified. 

In the front leg the first segment contains in normal fashion a single cic- 
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inent, the humerus. Beyond the elbow a typical vertebrate exhibits two 
bones, radius and ulna; m the frog these are fused into one. The wrist, or 
caqjus, contains half-a-dozen small elements; beyond are the metacarpals 
and phalanges making up the “fingers,” of wliich four are typically de- 
veloped, although short; an inner spur, sometimes regarded as the missing 
“thumb,” is probably not of this nature (it may be much enlarged in the 
breeding male, serving as a clasper). 

The long hmd leg begins proximally with a characteristic femur, or thigh 
bone But the second segment (as in the front leg) consists of a single bone, 
regarded as a fusion of the tibia and fibula normally present. Beyond lies 
the tarsus, or ankle bones Here is still another peculiarity of the frog. 

Typically, the tarsal bones (like those 
of the wrist) are tiny structures In 
the frog, however, two proximal ele- 
ments (astragalus, calcaneum) are 
much elongated. This development 
has the result of adding a third seg- 
ment to the hind leg and greatly 
increasing its effectiveness in liopping. 
Five toes are present in the hind foot. 

IIFE-HISTORY 

The development of the common species of frog takes place in a water 
environment, the streams or ponds in which the eggs are deposited in the 
spring breeding season The egg contains a modest supply of nutrient yolk 
and furnishes a food supply for the embryo durmg the stages in wliich Uie 
major body structures and the tadpole body shape are acquired. Hatching 
soon occurs, however, and the larva, hardly larger than a pm, must seek 
its own living The tadpole is, of course, markedly different from the adult 
both m general appearance and m many structural features. There is a 
powerful tail, used as a swimming organ, limbs, on the other hand, are 
absent until a late period Lungs are not developed, and breathing is ac- 
complished by means of gills The adult frog is an eater of animal food, but 
tlie tadpole, on the contrary, feeds on vegetable material In relation to 
this we find many differences in the mouth and jaws between tadpole and 
adult, and even the intestine is built on a different plan 

The period of tadpole existence is of variable length m frogs In some 
species the entire development takes place m a few weeks, on the other 
hand, the bullfrog spends several years m the tadpole stage Eventually, 



TliQ tight pelv ic gitdle of the frog Th« pubii 
remains unossihcJ 




Ta(l-fe» amphtbians the common American toad, right, the bullfrog Both are familiar forms, the 
large bullfrog is frequently used m laboratories (Toad photograph by Isabelle H Conant, bullfrog copy- 
right General Biological Supply House, Chicago ) 



Smoll but poisonous A South American toad (Pendroheies) shomi at the left, natural 
size on a penny Liquid from its skin glands is used by natives to poison arrow tips 
(Photograph courtesy New York Zoolc^ical Society ) 


Tbo hairy frog {AityLuUrnus) of Africa {be- 
low) In the male, at breeding season, hair 
hie projections grow out of the sides of the 
trunk and legs These are not hairs, but ac 
cessory breathing organs, coQtammg blood 
vessels (Photograph copyright General 
Biological Supply House, Chicago ) 


The Surinam toad (Ptpa) la this large and ungainly 
South American toad the eggs are inclosed in the skm of 
(he mother's back, each m a fitife pocket covered by a 
flap 'W'hen development is completed, small but ma 
turely formed little toads emerge— the water stage u 
eliminated (From a model, courtesy American Mu 
seum of Natural History, New York ) 







Th« oldsit egg ^ pro\ed by microscopic 
study this fossil egg is the worlds oldest it 
Comes from Texas deposits 225 000 000 jeers 
old V number of primitne reptiles were then 
present w e do not know which one laid the egg 
(Specimen at Harvard University ) 


An archaic reptile (fe/() SeyviouTVX named 
^ from the Texas town near which its remains 
Were discos ered is a fossil form that retains Ou 
jl tnerous amphibian features (Pamting by F L 
Jaques under the direction of K, Gregory 
Photograph courtesy Amencan M'useum of Nat 
liral History New York ) 


Fomiliar turtles North America has many pond 
AOd marsli turtles Lrjt common musk turtles 
{^lernotheTm) showing both upper and lower 
shields (termed carapace and plastron respec 
tively) Lovxt Ufl a pond turtle (Cfetnmyi) 
(5(erRo</irrus courtesy American Museum of Nat 
ural History CUmmy$ photograph by Isabelle 
Hunt Conant ) 

Behw perhaps the most ugly turtle the Mata 
mala (CMut) of South America This flat bodied 
form has head and limbs cosered with warty ex 
CTescences and nostrils inclosed m projecting 
tubes it belongs to the tropicaf side necked 
turtle group (New York Zoological Society pho- 
tograph ) 


TEIE FROG m 

in any case, comes the period of metamorphosis, the change of bodily 
shape which turns tadpole mto frog Tins process involves a marked re- 
organization of almost every part of the ammal*s body The tail is re- 
sorbed, the limbs grow out (the hind legs appearing first), the gills dis- 
appear, and lungs develop, the long, spirally coiled tadpole intestine 
changes into the relatively short adult structure, many head structures 
are radically reorganized 

These changes accomplished, the frog becomes a potential land dweller 
Witli further development in size and proportions and the grow th of the 
sex organs, the frog, by the time of the breedmg season of the nevt spring, 
has arrived at maturity 



CHAPTER 6 


The Origin of Reptiles 

In contrast the conservative mode of development of 
tyincal amphibians is that of the reptiles and the higher tetrapods derived 
from them The reptile lias evolved a type of egg which can be laid on 
land No aquatic life stage i5 necessary, emancipation from the w aler may 
be complete 

THE LAND EGG 

1 his reptilian egg has a complicated structure to whicli we must dev ote 
some attention for many of the architectural features first attained here 
are still persistent in the wrappings of the human embryo 
The developing amphibian obtains its oxygen and most of its food from 
the water and excretes its waste matter into the water again, the water 
also protects it from dr\ mg and against mechanical injury In tlie reptile, 
if the water dwelling stage is to be omitted, substitutes must be provided 
for these advantages which will cany Hie youngster through to a stage 
where it can make its own way on land 

As a food supply for the embrjo, the egg of a reptile or bird contains a 
large amount of nourishing jolk whicli is contained m a yolk sac, con 
nected with the digestive tract of the growing embiyo A second, larger 
sac, the amnion, develops about the body of the embryo This liquid filled 
sac affords protection against injury and desiccation, it is a substitute for 
the amphibian’s natal pond Out from the back end of the embrj o’s body 
there grows a tube and a third sac, the allantois, m which the waste matter 
of the body is deposited The wliole egg structure is stiffened and protected 
by a firm shell on tlie exterior The shell, however, is porous, beneath a 
portion of it lies a membrane pertaining to the allantois, richly sujiphed 
with blood V essels This acts as a lung, taking in oxygen and giv ing off car 
bon dioxide, and it is an easily confirmed fact that a reptile or bird egg, if 
submerged m water, will drown as surely as an adult, the contained em 
bryo ceases to grow, and dies 

By these structures — yolk sac, ammon, allantois, and shell — all the 
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needs of the developing reptile can be met The water d^ellmg stage has 
not been eliminated, but it is now spent within the protecting shell of an 
egg We have here for tlie first time an animal which can assume land 


existence immediately upon 
hatching, the first possibility 
of a purely land animal 
How, when, at what stage, 
did this crucial reproductive 
improvement appear^ The 
story once seemed clear to 
me in the form I told it to 
many a student audience 
' \\ ell before the close of the 
Carboniferous period, thefos* 
sil record shows us, there had 
appeared advanced amphibi 
an types with well developed 
limbs and other features in 
dicatiiig that, as adults, they 
could be, and were, mainly 
terreitnal forms rather than 
water dwellers A sole obsta- 
cle lay in the path of their con- 
quest of the land — their mode 
of development, througli 
which they were chained to 
the water (a lovelv and dia- 
matic phrase') At long last 
there came the final stage in 
their Te\ctise — the dev c\cqj 
ment of the terrestrial amni- 
ote egg Their bonds were 
broken, and, as true terrestrial 



Generalized diagram of the cmbrjonic membranes of 
the hgher land vertebrates (amniotcs) Tie developing 
embryo IS surrounded except venlrall) b> a liquid filled 
cavitj' uhich is inclosed by the niDTuon, a membrane con 
tinuous uith the skin of tie embrjo Developing from 
this and continuous uiUi it at an earl/ stage is n second 
membrane iheebonon which bes beneath the shell Tvro 
membranes grow out from the cmbi/omc digestive tract 
a jolk sac directly bclo v the embryo is filled m reptiles 
and birds with a large mass of yolk from tl e b ick en 1 
of the gut grows out the allantois winch can function as 
an eiubryonic bladder Blood vessels surroun hng it may 
carry to the eml rjo oxygen wl ich has passed in tl rough 
the porous si cU of Uieegg in reptiles and birdv so tint tl e 
allantois may function ns an embryonic lun^, In t>{ ical 
maiDmab the cfonon comes into close contact with the 
surrounding maXern,!^ XiASuesXo form a placenVaxi^ ereViy 
tlie embryo obtains nutriment from the mother in such 
cases the Mood vcsscb of the allanluts carry the nutritive 
jsateriab from placenta to embryo 


forms, the carl> reptiles swept on to a conquest of the earth'” 

This is u fine story However, I now suspect that it is far from the truth 
It assumes that the adult first became a land dweller and that terrestrial 


reproduction was a httr development It now seems more probable Ih it 
the reverse was the case — that Uie egg catnc ashore first and that the 
adult lardilj followed 
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llus iktpticii.ni arises from a study of the oldest, adequately known, 
rtplilt faunas Laltr in this chapter we shall talk of the colylos lurs, tlie 
“stem i-eptilcs” from wliicii all liter land strltbrates were derned If we 
still assume tint tlie land tgg dc\clo])td onl> after tlic jire-reptiles had 
become fully land types rather than leading an amphibious existence, then 
all early fossil reptiles should be good terrestiial types But while the stem 
leptiles all possessed good limbs and were capible of walking on land, 
many of them, as far is we can tell from the skeletal evidence, spent much 
of their liv ts in the w aler or in swampy' env ironments Can this hav e been 
due to a reversion® Ihis is very doubtful Ihc cotylosaurs are such early 
and ])rinnti\c reptiles that it is much more probable that their ancestors 
had never fully abandoned an aquatic life 

Still stronger skepticism is induced by a study of Permian pelycosaurs 
(described liter, in chap 0) Tins group consists of early forms whicli are 
not mcrelv reptiles but reptiles tint ire alr< ady separated from otlier ma- 
jor lines and arc on the way to becoming the ancestors of mammals Here, 
m this progicssivc group, one would think that we would be dealing with 
purely terrestrial amniotes Some pelycosaurs are reptiles of this nature 
But the moie priimtive pelvcosaurs were not, to any degree, terrestrial 
They were aquatic fish caters they possessed limbs winch would enable 
them to climb the banks but tlicir home, like that of their amphibian and 
fish incestors, lay in the Periniin streams and ponds 

Can this be a secondary reversion to the water® .Again, this is highly 
improbable This tvpe of pelycosaur is known well back into the Car 
boniferous period, and the only obvious conclusion from the facts is that 
despite the phylogenetic position of these jielycosaurs — well advanced up 
one major branch of the reptilian family tree — they had never left the 
water 

The fossil evidence, then, strongly suggests that, although the teirestrial 
egg lavmg habit evolved at the beginning of reptilian evolution, adult 
reptiles at that stage were still essentially aquatic forms, and many re- 
mained aquatic or amphibious long after the amniote egg opened up to 
them the full \)otentiahties of terrestrial existence 

If we accept this as a reasonable conclusion from the paleontological 
evidence, we are, nevertheless, faced with a major puzzle In the light of 
the earlier point of view, one could readily account for the success of the 
ammote type of development as bemg stiongly favored by selection m 
animals which were otherwise terrestrial m habits But what strong ad- 
vantage could there be m terrestrial embryonic development m the case of 
forms which were still aquatic or, at the most, amphibious in adult life® 
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Tlie answer can be found by considering, as we did a bit earlier, the 
types of reproduction found in modem amphibians. “The typical” mode 
of amphibian reproduction involves laying the eggs in the water and the 
presence of a water-dwelling tadpole stage in the development of the 
young. But, as we have seen, a very large proportion of modern am- 
phibians fail to follow this pattern and, in fact, go to any extreme to avoid 
laying their eggs in the water. In none of these varied adaptations does 
there develop a shelled egg; but in one or another of these modem forms 
we find, singly or together, the other principal features seen in the amniote 
type — a large yolk, embryonic breathing organs, protective membranes 
analogous to an amnion. 

These amphibians, then, are traveling today along a path of embrj’onic 
adaptations in a manner parallel to that followed many millions of years 
ago by the ancestral amnioles But they are not obviously influenced by 
any “urge” toward a purely terrestrial existence, for the amphibians which 
show these trends toward direct development are as varied in adult habits 
as are amphibians as a whole. 

There appear to be two major advantages. (1) Eggs and young in a pond 
form a tempting food supply, open to attack by a variety of hungry ani- 
mals, including insects; furthermore, the larvae are in heavy competition 
for food with other small water dwellers If eggs are laid in less obvious 
places, the chance of survival is greatly increased; if guarded or carried by 
a parent, they are under protection. (2) In some regions there are amiual 
dry seasons, when the ponds and pools in which "normar* amphibians 
would lay their eggs tend to dry up. Reduction or elimination of the water 
stage increases the chances of survival of the young, wliich might be de- 
stroyed if they were living as tadpoles in a drying pond. 

i\Xay not the amniote type of development have been similarly evoKcd 
to gain some immediate advantage rather than as any sort of “preadapta- 
tion” for land life? For modem amphibians, protection of the eggs from 
enemies is by far the more important of the two major advantages that arc 
gained by changes m reproductive mcUiods (although, in certain instances, 
adajitations which shorten larval Ji/e appear to be related to protection 
against potential drought conditions). For the Paleozoic reptile ancestors, 
the reverse was probably the case. Potential egg devourers were tlien pre- 
sumably less abundant, but danger of desiccation was far greater. 

Today, there are only limited regions of the tropics in wliich the annual 
weather cycle includes seasons of lieavy rains alternating with droughts. 
But as Burrell first pointed out, la^c areas of the earth in late Paleozoic 
da^s ajipear to have been subject to marked seasonal drouglit (the pres- 
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encc of numerous red bed deposits m the Upper Paleozoic appears to be 
correlated in great measure ^vlth drought phenomena) Under such condi- 
tions, the life of the ampliibious \crtcbrales of the day was a liazardous 
one Particularly hazardous was the developmental process 1 he old fash- 
ioned methods meant that the young must, perforce, spend a long period 
of time as gill breathing lar\ ae, in grave danger of being overtaken by the 
oncoming of the ramkss season and of being killed in their drying natal 
ponds Any rejiroductive improvement which would reduce or eluninate 
this danger had a strong survival value It is probable that various essajs 
m this direction were made The one truly successful one was that whicli 
led to the development of the amniolc egg and the resultant origin of the 
reptiles, which from that time on became increasingly successful over their 
less progressive amphibian relatives Today, a variety of amjihibtans arc 
struggling (so to speak) to attain some type of development comparable to 
that which the reptile ancestors achieved eons ago, but their efforts are too 
little and too late 

Deductions from the study of climatic history are thus consonant with 
the facts of the fossil record The fine story of the reptile ancestor as an 
animal which iiad become fully terrestrial m adult life and needed only, as 
a final step, to improve lU reproductive habits in order to conquer the 
earth is, apparently, pure invth 

\^omay picture the ancestral reptile tjpe as merely one among a variety 
of amphibious dwellers in the streams of late Paleozoic days All were 
basically water dwellers All alike found their living m the water with 
fishes and invertebrates as the food supply, for there was little animal life 
on land to tempt them In most lespects the earlj reptile had no advan- 
tage over its amphibian contemporaries Only m its new type of develop- 
ment was the reptile better off This advantage, however, did not at first 
implv the necessity of any trend toward increased adult life on land It 
was only slowly, toward the close of the Paleozoic era, that many (but 
not all) of the reptiles took advantage of the new opportunities which 
ammote development offered them and became terrestrial types, initiating 
the major rejitihan radiation m the iMesozoic — the Age of Reptiles This 
potentiality of conquest of the earth by the reptiles was not the result of 
“design ” Rather, it was the result of a happy accident — the further utili- 
zation of potentialities that had been attained as an adaptation of immedi- 
ate \ alue to their amphibious ancestors 

Teleology and tetrapod evolution — It is sometimes said that the ev olu- 
tion of terrestrial vertebrates from fish ancestors cannot be explained by 
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purely natural processes. How, It is asked, could there have been effected 
in the ancestral fish the whole series of structural and functional changes 
which were necessary for a successful existence on land but Nvhich appear 
to have been of no immediate value to the animal in its piscine existence? 
How could these changes have occurred unless there were some super- 
natural directive force behind the process, some mysterious “urge" that 
made for “pre-adaptation”? 

In this case, as in other cases where the evolutionary history seems so 
complex that natural explanations appear improbable, the story can, I 
think, be explained on quite natural grounds with involvement of only the 
simplest of recognized evolutionary principles — selection for characters 
that are immediately useful to the animal in its actual environment with- 
out reference to their possible use in some future mode of life. 

The complete transition from water to land involves a long series of 
structural and functional changes For present purposes, however, wc may 
select three of the most striking and outstanding changes that are neces- 
sary to enable a fish ancestor to become a successful terrestrial animal: 
(1) the development of lungs for air-breathing, (2) the development from 
fish fins of limbs capable of supporting it on land; and (3) tlie development 
fas discussed earlier) of a type of egg which will free the reproductive proc- 
esses from the water. 

How could these changes be of use to a water dweller? The clue, I be- 
lieve, lies largely in the enviroaniental factor already noted — widespread 
seasonal drought in late Paleozoic limes Let us discuss these three factors 
in turn. 

Liiugs{^) We think of lungs as essentially characteristic of land ani- 
mals. What need does a fish, breathing with gills, have for such structures.’ 
We have already considered this matter in an earlier chapter. Lungs, we 
have seen, are useful to a fish under conditions of seasonal drought and 
were hence highly useful to a fish, as a fish, in Paleozoic days, without the 
necessity of dragging any mysterious “pre-determination” toward a future 
land life into the picture. 

Limbs{?) This, too, w'e have already considered in our discussion of am- 
phibian evolution. Limbs, in an early amphibian, were quite surely not a 
mysterious pre-adaptation for a life on land; such an existence in the first 
stages of limb dcvelojiment was (so to speak) the last thing it thought of 
or desired. Limbs were an iinmcdialcly useful adaptation for life in the 
w ater; only gradually, as a terrestrial food supply developed, w ould the am- 
phibians take advantage of the potentialities of becoming land dwellers. 
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The land egg{^) Our dibcu&sion above has Ihope been sufficient to show 
tint v>e do not have to account for the ongtn of the ’unniote egg by asaiim 
mg any sort of invstenous urge tonaid a inoie completely terrestual 
existence For an amphibious animal layiii^ eggs safeU ashoic would be 
immediately ad\ anlageons 

e can thus see that some of the most prominent clniactcnstics of land 
\ertebrates can be accounted for as a senes of ad iptations that wcie of 
practical advantage as soon as they were acquned while the animal was 
still partially or even entirely aquatic in its mode of life Ihe entire major 
evolutionary progression from fish through amphibian to tencstnal rep 
tile — seemingly mysterious — can be mtcrjircted m sinqile natural terms 
And it IS probable that many another evohitionarj de\cIoi)inent winch 
appears difficult to understand without the introduction of teleology will 
likewise prove when sufficiently investigated and studied to be inter 
pretable m the accejited framework of current evolutionary theory 

REPTILE ORGANIZATION 

Before beginning a consideration of the various reptile t>pes and their 
evolution let us consider the general nature of reptiles as a whole While 
some of the earlv forms aswchavejustsccn lived an amphibious mode of 
life and others returned to the water the group as a wliolc constitutes the 
basic stock of land animals and while \arjmg a great deal from one form 
to another have many common attributes fhev have advanced over the 
the amphibian condition and been modified from it m manv regards other 
than the mode of development No modern rejitile is a truK generalized 
form but m many respects some of the less specialized lizards give a fair 
picture of a reptilian norm 

Reptiles are suited to life on land only under warm conditions Unlike 
then avian and mammalian descendants they lack the power of maintain 
ing a constant internal temperature and their behavior is m great measure 
determined by this fact Lizards are absent fiom the far noith and are rare 
even in much of the temperate zones Snakes are nearly as restiicted in 
distribution and are able to withstand the winters of temperate zones onlv 
bv hibernating — spending the cold season m a state of partiallj suspended 
animation m holes or burrows away from the cold air frequently massed 
in rocky dens Turtles are similarly restricted and the crocodihans hardly 
venture beyond the tropics 

Heat as well as cold however can be fatal a crocodile oi lizard exposed 
too long to a hot sun will suffer or die The ancient amphibians we have 



TIIE ORIGIN OF REPTILES 


130 


noted, were covered like their fish ancestors with an armor of bony scales, 
modern amphibians have almost completely lost this covering and have i 
moist, glandular skin Not so the reptiles \\ith a resultant reduction of 
water loss and potential desiccation m the open air and sunlight, the rep 
tile skin IS hard and dry and deficient in glands The body is covered w ith 
horny scales or scutes, and although the original armor has been lost, bony 
scales or plates have redeveloped in many lizards, crocodihans, and turtles 
and are seen m various extmct types In many reptiles the skin is strongly 
colored, often m patterns, and in lizards color changes can often be ef- 
fected (the chameleons are especially notable in this regard) 

With the exception of the snakes and some lizards, modern reptiles have 
limbs which are sturdy and well developed In modern amphibians we 
have seen that the toes have but two or three joints, and there are never 
more than four toes on the forefoot In primitive reptiles, however, and m 
many of their descendants there are five toes both fore and aft and a high 
count of toe joints — 2, 3, 4, 5, 3 (or 4), counting from the thumb side out 
In tlie trunk there is, m contrast with amphibians, a well developed neck 
region and generally a well developed tail 

There is, of course, no ‘ breathing” through the hard dry skin, and the 
lungs, although still rather simple in structure, ire belter developed than 
m amphibians except in turtles, the lungs are expanded by movements of 
ribs We have noted the problems m circulation of tlic blood caused by tlie 
shift from gill to lungs in amphibian breathing Reptiles have not com 
pletely solved the problem, but the heart is partly divided into two halves, 
so that a blood stream containing oi^gen from the lungs is kept partially 
separated from the “stale’ blood from the body, destined to pass to the 
lungs Since the shell is added to the egg before it leaves the female rep- 
tile’s body, internal fertilization by apposition of the cloacas of the two 
parents is necessary, and m most living reptiles the male has developed an 
introniittent organ of one type or another, somewhat comparable to the 
mammalian penis 

The reptilian brain is somewhat advanced over that of amphibians The 
cerebral hemispheres are larger, showing llie beginning of the modifica- 
tions of that area of the brain which were to become verj pronounced in 
birds and mammals The behavior of reptiles, however, is of a relatively 
simple type 

Stem reptiles — Living reptiles include only a feu grou}>>, mainlv turtles, 
crocodiles, lizards, an<i snakes, Ihtj are vastlv overshadowed in impor- 
tance todav by the birds and mammals descended from llitm In the 
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Mcaozoic, the Age of Hepliles, ho\\e>er, the reptile;* A\ere exceedingly nu 
inerous ami xaricd and included many groups nou extinct These forms 
will he described in succeeding chapters, here we shall merely consider the 
earliest reptiles, first types to attain a land type of egg 

1 hese extinct progenitors of the reptile dy nasties are technically known 
as cotylosaurs but popularly and quite appropriately have been termed 
“stem reptiles ” The first traces of them are found in the Carboniferous, 
m the deposits formed in the great coal swamps when the amplubians 
were at the peak of their development, stem reptiles were still flourishing 
in Uie Permian, last of the Paleozoic periods 
A typical stem reptile is Seymouna, shown m our illustrations (The 
creature takes its name from the Texas town near which its remains were 
discovered ) In appearance tt might be compared with some of the larger 
and more sluggish lizards, but structurally it was much more primitive 



Lxmn^setlu a coplosaur which was aiirely or the reptilian le\el rrproductnel/ but was aliU aa 
amphibious fiah-«ating animal 

than any sort of lizard The limbs were still of the short, stubby type 
found m the oldest amphibians and sprawled out sideways from the body 
Indeed, so close is Seymouna in many skeletal features to the early am- 
phibians that, m default of actual fossil knowledge of eggs of this form, 
the academic question has been raised as to whether Seymouna was an 
amphibian which was almost a reptile or, on the other hand, a reptile 
which had just ceased to be an amphibian This debate, however, merely 
emphasizes the point that it is the change m dev elopment which is the 
important feature m the history of reptiles, without this, the great radia 
tion of the group and the many structural advances and changes could 
never have been accomplished or effectively utilized 

Durmg the Permian the stem reptiles branched out into a number of 
V aried lines But their fate lias been that of the founders of any great Ime 
of evolutionary development from them arose many more progressive 
gioups, and they themselves soon vanished from the scene as the true Age 
of Reptiles began 
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Reptile classification. — ^Although living reptiles include members of but 
four orders, the extinct forms were highly varied. How to classify and ar- 
range these groups is a difficult problem, for although many of the extinct 
types are well known, there are still many missing links in the evolutionary 
chain. 

It was long ago pointed out that one readily observable clue to reptile 
relationships lay in the structure of the temple region of the skull. In 
fishes, early amphibians, and even stem reptiles, the walls of the skull in 
the temple and cheek region behind the eye were solidly built Beneatli the 
cheek wall lie the poweiful muscles — the temporal muscles that close the 
jaws. When the jaws shut, these muscles contract and neccssariJ}' bulge 



Diagrammalic side > lews of reptile ekulb. to show diagnostic tj pes of openings tn the temporal region. 
A, the pruDitise anapsid type, iiithoul openings, R. alatcra) opening is present, the sjnapsid U'pe, 
found in the ancestors of mamoials. C, an upper temporal opening, present in varied form in plcsio* 
saursand ichthyosaurs D, thediapsid Ulie, mth two openings (and two arches), found m SiAeitodon 
and in crocodilians and other arcbosaurs Tlie lizard and snake structure is deriv cd bj reduction frooi 
this condition The bones of the temple region are bbelcd j, ]ugal, p, parietal*, po, postorbital, t/j, 
squamosal 

outward in the process. Space is limited in this region. It would be a con- 
siderable improvement if the walls of the skull developed openings through 
which the muscles could bulge outward when contracted; and in most rc])- 
tiles such openings are present. There arc several ways in which reptile 
temporal openings have developed; these are shown in an accompanying 
figure. A single oi>ening may dev clop low down on the side of the cheek, as 
in the case in the reptilian ancestors of mammals. One may develop high 
up in the temple region, as in the varied aquatic reptile groups including 
the ichthyosaurs and plesiosaurs. Third, openings may develop in both 
positions, this is the situation found today in a peculiar Xcw Zealand rep- 
tile Sphenodon and crocodilians and, in the past, in the dinosaurs and their 
kin; further, lizards and snakes, although liav ing a much modified temple 



THK VERTEBRATE STORY 


1J,2 

region, have descended from forms with these two openings. Jlost stu- 
dents divide the reptiles into a scries of subclasses defined, in part at least, 
on the nature of the temporal region. In giving names to types of temporal 
openings and, in some cases, to the subclasses of reptiles possessing them. 



the attention of early workers centered on the arches of bones Ijing below 
the openings rather than on tlie holes themselves “Apse” is a Greek root 
meaning arch. In consequence reptiles with a solid temple region — and 
hence lacking an arch — have been termed anapsids; mammal-like reptiles 
with a single arch, synapsids, reptiles with two arches, diapsids. 



CHAPTER 7 


Some Water Reptiles 

In this and the two chapters that follow we shall discuss 
various types, living and extinct, into which the reptiles radiated following 
their appearance in late Paleozoic days. In the present chapter we shall 
consider the turtles, a group in which water life plays a large part, and the 
two most spectacular orders of marine reptiles, both extinct — the plesio- 
saurs and ichthyosaurs 

Reptiles are in general purely land animals, one tends in consequence to 
assume that the aquatic reptiles are descended from ancestors that had 
become fully terrestrial and that in their evolution they had done a com- 
plete about-face to re-enter the water It is probable, however, that this 
assumption should be somewhat qualified. In discussing the origin of the 
amniote type of egg, it was pointed out that the animals which first walked 
ashore to deposit this type of egg and hence, by definition, were to be 
called reptiles were at that time still more or less amphibious in habits and 
had not completely abandoned life in pools and streams and swamps. It is 
not at all improbable that the evolutionary lines leading to such animals 
as tile plesiosaurs and ichthyosaurs departed from the main course of rep- 
tile evolution at this stage and that their ancestors had never completely 
abandoned the water. Again, although a few turtles are pure land types, a 
large proportion are primarily aquatic, and it is reasonable to believe that 
the turtles’ early reptile ancestors had never progressed farther toward 
land life than the swamp type of habitat in which many chelonians find 
their homes to this day. 

TURTLES 

The turtles are the most bizarre of reptilian groups. Because they are 
still living, turtles are commonplace objects to us; were they extinct, their 
shells, the most remarkable armor ever assumed by a land animal, would 
be a cause for wonder. 

Turtle structure and habits. — Tlic armor plate of a typical modern turtle 
is composed of two materials — horny scutes representing the ordinarj' rep- 
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tilian scales and bony plates underneath. The outlines of these two sets of 
armor materials do not in general coincide; there is an alternation of joints, 
which gives greater strength to the combined structure. 

The shell is divided into upper and lower portions (carapace and plas- 
tron, respectively), connected by a bridge at the sides. In the live animal 
the bone is concealed, and only the horny scutes are seen; on the upper 


surface, three lengthwise rows of a few scutes each cover most of the 
carapace, and there is a marginal ring of smaller scutes. In the underlying 
bony carapace we see, running down 
the middle of the top, a row of almost 
square bony plates, most of which 
are fused tightly to the joints of the 
backbone beneath them; on either side 
is a row of longer plates fused to the 
corresponding ribs; a ring of small 
plates around the margin completes 
the top shield. The undershield is com- 
posed of a much smaller number of 
large scutes and bony plates. The shell 
is widely opened at the front for the 
withdrawal of the head and front legs, 
behind for the hind legs and stubby 
tail 

The turtle gait is a very awkward 
and lumbering one, with the limbs 
sprawled outward at the side. With 
the broad ventral shield no other type 
of walking is, of course, possible. But 
it is probable that this style of walk- 
mg antedates the construction of the 
turtle’s shell. Tliis sort of locomotion 



Diagram of the upper aheh, or carapace, ot a 
turtle The major structure consists of plates 
of bone, outlined in continuous line Tliese 
consist of a middle row of plates, one o\er 
each joint of the backbone, paired ro»s of 
rib plates on each side, and a marginal row 
encircling the whole These bones, however, 
are inMsible m the Iinng turtle, for they ore 
covered by horny scutes, tlie outlines of which 
are in broken lines in the diagram N'ote that 
in most cases the joints of the two types of 
covering alternate, thus strengthemng the 
structure 


was, we have noted, characteristic of primitive land dwellers in general. 
Apparently the turtles evolved their shells before styles in walking had 
improved, once the armor was m place, no improvement was possible. A 
unique feature of limb construction in turtles lies in the fact that, whereas 
in other land animals the shoulder girdle lies outside the ribs, here it is 
tucked away inside shell and ribs 

In turtles (as in modern birds) the teetli have been entirely lost and re- 
placed by a stout and sharp homy bill bounding the margins of the jaws. 
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There is no true temporal opening in the skull, and partly for this reason 
the chelonians are usually bracketed with the stem reptiles in a subclass 
termed, with reference to this condition, the Anapsida. 

In primitive land animals the eardrum was placed in a notch at the 
back of the skull. In most reptiles such a notch is small; in turtles it is very 
conspicuously developed, with a great curved ridge of bone nearly sur- 
rounding the drum. Despite this prominent development, turtle hearing 
appears to be very poor. (But this is a relatively small loss, for turtles 
make few noises for their colleagues to hear; the biblical statement that 
“the voice of the turtle is heard in the land” appears to refer to quite 
another creature — the turtle dove.) 

Most reptiles have a long backbone; many primitive forms, for ex- 
ample, have about twenty-seven vertebral segments in neck and trunk 
combined, and snakes have vastly bighercounts. Turtles run to the other 
extreme ; there is a rather normal number of segments in the neck but only 
ten in the whole trunk, eight of which, together with their attached ribs, 
are tightly fused to the overlying plates of the carapace. The tail appears 
to be of little use and is typically short. 

In other reptiles breathing is accomplished by movements of tlie ribs 
which fill and empty the lungs. This is, of course, out of the question in the 
turtle shell. Here the same result is obtained by movement of belly muscles 
inside the shell, which cause alternate contraction and expansion of the 
body cavities in which the lungs lie. Most turtles can remain under water 
for long periods In great measure this is associated with the fact that a 
motionless reptile of this sort uses up very little oxygen; it “lives” at a 
^'^ery slow tempo. In many cases, however, tlie animal is able to get oxygen 
from the water in which it is submerged, despite the fact that gills dis- 
appeared far back in pre-reptilian days. A gill is essentially a large area of 
soft moist membrane through which oxygen can be absorbed. Various 
turtles have evolved fairly effective substitutes for gills, being able to 
absorb oxygen from the water through membranous areas in both throat 
and cloaca. 

Some cliclonians specialize to some degree in animal or \ cgetable food 
materials, but in general members of this order are omnivorous and will 
readily take in any sort of food tliat comes to hand. Egg-laying usually 
takes place annually. The eggs arc deposited in shallow holes scoojied out 
in the earth and co\ered. 

The lioniy scutes of the shells of many turtles ajqiear to grow by adding 
annual rings around the margin. To a limited degree, study of such rings 



US THE VERTEBILVTE STORY 

enables us to tell the age of a turtle and thus aids in a study of growth. 
We may insert here a note regarding reptile grow th in general. In the case 
of a mammal or bird, one can make fairly positive statements as to the 
size of the adult individuals of any given species. Not so with reptiles. 
The difference lies in the manner in which the bones of the skeleton grow'. 
In birds and mammals, increase in bone size not merely slows down as the 
animal approaches maturity but stops completely early in adult life; no 
further increase in proportions can occur (let us exclude the delicate sub- 
ject of waist measure!). Not so in reptiles. Bone growth slows down at 
about the time of sexual maturity but never ceases entirely; a turtle or 
other reptile may continue to grow as long as it lives. As a consequence it 
is impossible to state the aduU size of a reptile of any sort. Since in nature, 
however, few animals live to a ripe old age, one can state an “average*' 
size for mature individuals of any form; they will mostly be young adults. 
On the other hand, if one wants to make an impression, one can cite the 
considerably greater figure for the largest known specimen — which will, of 
course, be a patriarch of the tribe. 

Turtle types. — Compared to the wealth of lizard and snake species, the 
chelonians play but a modest role in the modern w’orld; there are only two 
to three hundred species representing the order. Despite a uniformity of 
basic body pattern in most chelonians, they exhibit a considerable variety 
in the nature of the shell, limbs, and skull and vary greatly in habits. In 
the United States and Canada all members of the order are commonly 
called turtles Enghslimen use the word ‘Turtle’* to refer to marine forms 
only; marsh or river forms are frequently termed “terrapins,” and land 
types are dignified by the name “tortoise.” They are speaking of foreign 
animals, how’ever, for curiously enough there is not a single member of the 
order in the British Isles 

Like other reptiles, turtles are limited in their distribution by tempera- 
ture Sea turtles may wander far to the north and south in warm currents, 
but they are mainly tropical and breed only on tropical shores. Of fresh- 
water and land types, a number are present in temperate zones, but most 
inhabit tropical or subtropical areas. There is an abundance of chelonians 
on every continent except Australia and Europe. 

Living chelonians are sharply divided into two groups. The fossil record 
indicates that the older turtles were unable to pull their necks into their 
shells for protection. All modem forms can do this (except some large 
aquatic types, which are in little danger of attack and appear to have 
secondarily lost this ability) There are two different ways of doing the 



H«?eh hikers {above) A pazr at koiqt&s stealing a nde 
with a marine turtle (Photograph courtesy New York 
Zoological Society ) 

The leathery turtle {Dermochelya) {upperrtgld) Agiant 
marine form not closely related to thoseshown on the 
next page Of the bony shell only small nubbins of 
bone remain and the horny shield la replaced by a 
tough leathery bide Thu u the largest living turtle, 
with a record weight of nearly a ton and a length of 8 
feet (Photograph courtesy American Museum of Nat 
ural History New York ) 

Tha snapping turtle (Chelydra) (ngfU) The snappers 
are vicious water dwellers m North American streams, 
notable for large beads and large tails — unusual in 
turtles (Photograph courtesy New York Zoblogical 
Society ) 

The Australian snake-necked turtle(C/'elodtmi)(rtyA() 
This form is representative of a primitive group, the 
‘ side necked turtles (pleurodires) found only in 
southern continents Instead of puUmg the neck 
straight into the shell, it is tucked in sideways along 
the shoulder (Photograph courtesy ikmencan Mu 
seura of Natural History, New York ) 



A giant tortoise The tortoises of the 
genus Teatudo, m contrast to most 
turtles, are purely land dwellers, charac- 
terized by a higli, domelike carapace 
Several large species are present m the 
GaUpagoa and oUiers on islands in the 
Indian Ocean The form figured is from 
the Aldabra Islands Pecord weights are 
over 500 pounds and lengths run to C 
feet How these land dndlcrs reached 
such oceanic uUnds IS a mjstery (Pho- 
tograph courtesy New York Zoological 
Socielj ) 




k 



A giant Cratactout fnarina turtl« {ArchtUm) A 
restoratiOQ of tlm form is sboAn m a later plate 
\llhcrugh related to modem sea turtles it u much 
larger than living genera {Thu skeleton u lo the 
Peabody Aluseum Yale University ) 


The soft shelled turtle (Tnonyx) These turtles are 
pond dsv ellcrs of modest sue m which Uie homy cos 
enng u lost and the bony armor someahat reduced 
not so much however, as in the big leathery turtle 
(Photograph courtesy New York ZoiSlogical Society ) 


Living marine turtles The green (soup) and ItawLsbill (tortoise shell) species Somewhat smaller than 
the leathery turtle also found in the sea the green and bawksbill turtles retain a homy shell (Photo- 
graphs courtesy New York Zoological Society ) 
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trick. The great majority of turtles, including all those with which the 
reader will ordinarily be familiar, pull the head straight back, bending the 
neck (in w’hich the vertebrae have complicated joints) into an S-shapcd 
cur\ e. These forms are termed the Cryptodira. In contrast, a few turtles of 
the southern continents swing the head sideways and tuck it in alongside 
the shoulder. They are reasonably termed Pleurodira (“side-necked” 
turtles). 

We may begin with a review of the numerous cryptodires. Most familiar 
and on the whole probably the most typical and primitive of living chelo- 
nians arc the numerous marsh and pond turtles, placid little animals wide- 
spread in the northern continents. Omnivorous in food habits but far from 
\oracious, they are not uncommonly seen ashore but spend most of their 
lime in ponds or swamps or sunning themselves on the banks. Turtles of 
this sort are absent from Australia, rare m Africa and South America. In 
North and Central America, however, there are nearly a score of genera; 
Asia — particularly soutliern Asia — where we find an even larger series of 
geneia, is another stronghold of cryptodires. 

From a primitive existence in a swampy environment, chelonians ha\e 
spread in two direcUons as regards their mode of life By far tlie greater 
number have tended to an aquatic existence, but we may first note the 
tortoises proper, which have, on the contrary, abandoned tlie w'atcr and 
become pure land dwellers, even ranging into dry desert conditions Most 
of these forms are of a very uniform build and are ranged in a single genus 
Testudo. The tortoises tend to grow to rather large size; the shell is highly 
rounded, or domed; the legs are sturdy, massive, with stumpy feet. The 
diet is a purely herbivorous one. Land tortoises are particularly abundant 
today in Africa but can be found in all other major areas except Australia 
and much of South America. A tortoise from the southern United States, 
called the “gopher,” is remarkable in that it digs long burrows (mainly for 
hibernation) which may run to as much as forty feet. Its name is an excel- 
lent example of variability in the use of popular names. In most of the 
United Stales, “gopher” means a ground squirrel; another tjpe of bur- 
roning rodent is the “pocket gopher.” But in the deep South “gojihcr” 
refers to this tortoise — sometimes emcndeii to “liard-shell gopher” — and 
the pocket gopher is called a “salamander”! 

Tortoises are of further interest for having reached a number of inlands 
far from continental shores, such as the Galapagos and ilauritius, where 
they flourished greatly until the coming of man. Galajiagos tortoises were 
for decades the main frc.sli-meat supply for American whalers in tlie 
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Pacific. The land tortoises generally arc of substantial size, and some of the 
island forms reach a yard or more in shell length. The giant of the tortoise 
group, however, was an extinct species from India witli a shell length of 
over 6 feet. 

The island forms are of considerable interest to the student of animal 
history. How have these purely land forms reached islands in the Indian 
Ocean or the Pacific, which api)ear never to have been connected with the 
mainland? In the Galapagos the tortoises have, since their arrival there, 
split up into a number of s))ecies on the different islands. The study of 
these species by Darwin, during his journey around the globe in II.jM.S. 
“Beagle,” was one of the factors which led to his work on the problems of 
evolution. 

But although the tortoises migrated out of the marshes onto dry land, 
most other chelonians have moved in the other direction, toward a purely 
aquatic existence Tjqiical of fresh-water aquatic forms, which are never- 
theless lelatively primitive m structure, arc the snapjiing turtles, now con- 
fined to North ^Vmerica but found in fossil form in Europe as well. In most 
structural features they are fairly similar to the various marsh dwellers. 
However, they have large heads, powerful beaks, and, as the name indi- 
cates, are aggressive stream-dwelling carnivores. The ordinary snapper is 
of good size, the larger species — the alligator snapper — is perhaps the 
largest of fresh-water turtles, its weight reaching 200 pounds. 

From an aquatic life in fresh waters, it is not a long step to the develop- 
ment of marine life The typical marine turtles of modern days form a com- 
pact group, including the green turtles (the source of turtle soup), the 
hawksbill (tortoise-shell), and the loggerhead (not of much economic im- 
portance) Buojed up by salt water, the marine turtles can — and do — 
grow to considerable size Typical sea turtles have retained their horny 
shell covering, but the underlying bony annor is somewhat reduced. The 
limbs are transformed into flippers with which, despite the clumsy body 
shape, the sea turtles can swim through the seas at good speed and with a 
graceful, winglike motion They come ashore only to lay their eggs on 
tropical beaches. Here, out of their nativ'e element, they are an easy prey 
to enemies — particularly man, once turned on their backs they are help- 
less 

Sea turtles ev olved far back in the history of the order, and a v'ariety of 
large forms of this sort (one of them illustrated here) had evolved by the 
end of the Cretaceous 

For the most part, tuitles hav'e retained the horny shell covering. But 
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this is not universally the case. In one widespread group of fresh-water 
turtles, the horny shell has gone, to be replaced by a leathery skin. They 
are usually termed soft-shelled turtles; this is, however, somewhat of a 
misnomer, for a well-developed bony shell is present beneath the skin. 
The body is considerably flattened, and one writer has compared them to 
an animated pancake. The head ends in a peculiar projecting snout. The 
neck is long, and these turtles, which are active predators, strike out ag- 
gressively at their prey. The soft-shells are particularly abundant in the 
w’armer regions of southern Asia and the West Indies; there are outliers in 
Africa and two species in Nortli iVmerica, but they are absent in all other 
areas. 

The peak of shell reduction is seen in a marine turtle, the leatherback. 
While it resembles other marine turtles in its general form and mode of 
life, this large annual, which may gain a body length of seven feet, has lost 
not only its horny shell but most of the bony carapace Instead of a con- 
nected shield of plates fused to ribs and backbone, there is merely a mosaic 
of bony nuggets, buried in the skin; the larger elements are embedded in a 
senes of ridges, running lengthwise of the back Some workers have advo- 
cated the view that this rudimentary condition of tlie shell is a primitKc 
one. It is, however, much more probable that lliere lias been a secondary 
reduction of armor, there is little need for protection from enemies in the 
case of such a large marine form and the less weight the better. 

The side-necked turtles, few in number, are poorly known and confined 
to the tropics of the southern continents. They are aquatic, fresh-water 
forms, some of grotesque appearance, combining some primitive features 
with specialization. Mainly eaters of animal food, they tend to be active 
predators, somewhat after the fashion of the soft-shelled turtles. The necks 
are long — sometimes longer than the length of the shell. 

As said above, the side-necks are confined today to the southern con- 
tinents. There are half a dozen genera in South America and, at the other 
end of the world, four in Australia; the side-necks are the only turtles to 
have reached the latter region. In between, two genera inhabit Africa, and 
one is found in Madagascar. This odd distribution is, as in many other 
cases mentioned in this book, explicable in terms of previous hisloiy, for 
tlie pleurodires are an ancient group, going back to the days of the dino- 
saurs in the Cretaceous, during Tertiary times side-ncckcd turtles were 
widespread in Eurasia and North America. 

Early turtle history . — Turtles are such common fossils in some form.t- 
lions, such os the badlands of South Dakota, that their remains are a 
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source of irritation rather than of pleasure to the fossil collector. Many of 
the living turtle groups can be traced back through the Tertiary and even 
into the Cretaceous, ilesozoic turtles, however, were mostly of a some- 
what different and more primitive sort, of which the most obvious feature 
is that they had not yet acquired the power of retracting the neck. But the 
typical turtle build jiersists throughout. The oldest known turtle, Pro- 
ganochelys of the Triassic (a contemporary of the earliest dinosaurs), had 
already acquired all the essential features of the order, although retaining 
a few primitive characters such as vestiges of teeth. 

Before this we have no certain knowledge of the chelonian pedigree. 
We are fairly sure that they arose from the cotylosaurs, some of which 
v\ere rather clumsily built marsh dwellers with a tendency for developing 



V restoration of the olJeat knonn turtle, PtogaiuKhetyt of the TriaMic 'Vpart from the presence of 
extra bony spines proteetm,; the neck and Uiabs, alt tlte esscotisl features of modern thelonians «ere 
olrcxdy present ( Vftcr Jaekel ) 

armor on the back, but there are no connecting links. The only possible 
clue IS a little animal from the Permian of South Africa with the long name 
of Euriolosaurus This has eight pairs of evpanded ribs, suggesting the eight 
ribs which support the turtle shell, and the beginning of armor in the pres- 
ence of a mosaic of small thin plates on the back. Possibly it is allied to 
turtle ancestry, but the students of modern turtles do not look with favor 
on the suggestion of the paleontologists that this odd creatuie be included 
iw Uve clvelwwiatv dovwavw. 

The turtles, once within the shelter of their armor, became the conserva- 
tiv es of the reptilian world Tlie oldest forms were contemporaries of the 
earliest dinosaurs The ruling reptiles grew’ to dominate tlie reptilian 
scene, but the turtles persisted unchanged. Tlie dinosaurs passed away, 
and the mammals took their place, but the turtles went calmly on their 
placid way, they learned to pull in their heads, but otherwise remained 
much the same Now man dominates the scene, but the turtles are still 
with us. And if, in the far distant future, man m turn disappears from the 


SOME ^VATER REPTILES 


151 

earth, very likely there will still be found the turtle, plodding stolidly on 
down the corridor of time. 

PLESIOSAURS 

Marine side branches have developed in several groups of reptiles w hich 
have also terrestrial or, at least, amphibious representatives — turtles (as 
we have just seen) and lizards, snakes, and crocodilians (as we shall see in 
later chapters) We shall conclude this cliapter with a consideration of 
some extinct reptilian groups which were exclusively marine in nature. 

The oldest remains of one of these groups, the plesiosaurs, came to 
light in Europe over a century ago. The scientific name applied to tliem 
means “near reptiles” and refers to the fact that it was once thought that 
they were forms coming up toward the reptilian level from a former water- 



TLe skeleton (incompletely kno»n) of a small fossil repUIe (Eunc-tMauruif from Ine rcristan, nkicb 
may be related to the ancestry of the turtles Eight pairs of the nbs are expanded into broad bony 
pbles, tins may represent the beginnings of the lurtle carapace (From ^^aUon ) 

dwelling life We now know, however, that the reverse was really the case 
and that they are descendants of four-footed reptiles which had become 
terrestrial (or nearly so, at any rale), then reverted to an aquatic and, 
e\entually, a purely marine mode of life. 

The plesiosaurs were common inhabitants of the Jurassic oceans and 
survived until near the close of the Cretaceous, where they are found as 
contemporaries of other marine reptiles — marine lizards and early sea 
turtles Many plesiosaurs were of fairly modest size, with lengths from a 
dozen to twenty feet or so. The giant of the group was an Australian Cre- 
taceous form {Ktohosqutus) whose skeleton, mounted in the Ilarx'ard Mu- 
seum, stretches a good forty feel. The plesiosaur build was ncurious one. 
An old w ritcr described a plesiosaur as “a snake threaded tlirough tlie 
shell of a turtle,” and in some instances the comparison is not inapt. The 
trunk was veiy broad, flat, and inflexible and was well plateti with bonc'i, 
so that there was a superficial resemblance to a turtle body. These bones, 
how ever, w ere not armor but areas for attacluncut of the pow erful muscles 
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of the paddles. Since the trunk was a rigid structure and the tail little 
developed, the plesiosauis, like the similarly constructed turtles, had to 
“row” themsehes along by powerfully developed limbs. These were highly 
^ Q p specialized, for the number of joints 



The limbs of \anou3 aquatic reptiles D, a fairly 
primitive type of reptile, little adapted lo marine 
life Of this form only the foot is drann, in the 
other figures the entire limb is shown, the long 
joints shortenmg up to make a compact paddle 
A and B are ichthyosaurs (ilernatnta and Oph 
thalmoiauna) in which the numlier of toe joints 
has been considerably increased, w hile m B extra 
toes ba%e been added In the plesiosaurs, as in C 
Ih^e are a]fia}s lacs hot 
the number of joints may be much increased In 
the marme lizards, as in E {Clidastei), the toes 
are fairly normal but were spread out and were 
presumably webbed (Plainly after Wllliston ) 

smaller aquatic ammals — the nothosi 


in the toes was greatly increased. 
In no normal land reptile does the 
number of joints in a toe exceed 
five; in plesiosaurs there were some- 
times over a dozen joints per toe 

An unwieldy body of this sort 
was obviously a disadvantageous 
structure for animals which pur- 
sued elusive fishes, sharp turns and 
delicate steering were as impossible 
as they are in a rowboat. In com- 
I>cnsation we find that many plesi- 
osaurs had much-elongated and flex- 
ible necks (one form had seventy- 
two neck, vertebrae') wliich could 
be readily turned to dart the head 
at the prey. Such forms usually had 
short heads; another type of plesi- 
osaur had a shorter neck but a 
much-elongated beak which ap- 
peared to serve just as well. 

We feel sure that the plesiosaurs 
have descended from more typical 
four-footed reptiles, and part of their 
ancestral story is clear. Plesiosaurs, 
we noted, do not appear until the 
Jurassic, the second of the three pe- 
riods of the Age of Reptiles. In tlie 
period preceding this, the Triassic, 
we find — particularly in Central Eu- 
rope — abundant remains of much 
urs These have technical characters 


which ally them with the later plesiosaurs They w ere, how ever, miicli less 


speciahzed than the plesiosaurs The body was relatively longer and less 
broad, and the tail was better developed than m plesiosaurs And in the 




A plesiosaur skeleton, viewed from above This specimen slions « ell the small head, slender oeck, broad 
flat body, and povserful ssiunming limbs of t)*pical plesiosaurs (Photograph courtesy Amencon Museum 
of Natural History New York ) 
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limbs the pattern was still essentially that of a normal reptile rather than 
a jilesiosaur paddle, although the toes were somewhat elongated (and 
probably webbed in life). jMost nothosaurs appear to be a bit off the direct 
line to the plesiosaurs, but as a group they quite surely include the plesio- 
saur ancestors. 

Back of this, the trail is faint. As we have said, we look in reptiles to the 
temporal region of the skull to ^ve clues as to relationships. Nothosaur 
and plesiosaur skulls have a characteristic temporal opening high up on 
the skull, of a sort not repeated m other well-known groups. (In the appen- 
dix on classification at the end of the book you will find that they are, in 
consequence, placed in a distinct Subclass Euryapsida ) In the Permian 
there have been found some small and rare reptiles with a similar tem- 
poral region. But there are no indications in their skeleton of an aquatic 
trend, and we cannot be at all sure that they are plesiosaur ancestors. 



The skeleton of s Tmssic nothosaur, seen ui s-entrsl sien’, frota this sort of animal, onl^ parti/ 
adapted to a manne life. aro»e tlie plesiosaurs. (After Pcjer ) 


ICHTHYOSAURS 

Of all reptiles, the group most highly adapted to an aquatic existence 
w’as that of the extinct ichthyosaurs, which well deserve their name of 
“fish leptiles.” The life-span of these forms covered most of the Mesozoic, 
or Age of Ilepliles; they seem to have occupied the place in nature now 
taken by the dolphins and por])oIscs. 

The superficial appearance was ycry fishlike; the body was short and 
rather deep and compressed laterally; the neck was very short, with the 
head set closely on the shoulders, so that tliere W’as a reappearance of the 
lori)edo-iike fish type in body form. In black shales in southern Germany 
a number of specimens have been found in which the skin outline has been 
preserved. These specimens show tliat llicre was a large fishlike dorsal fin. 
Even more interesting is the tail construction. Early finds all showed an 
apparently broken tail with the end of the backbone sagging downward. 
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The older restorations “corrected” this and showed a normal straight- 
tailed animal. But specimens with the body outlines preserved prove that 
the seeming break is a normal condition; there was a sharklike tail with, 
however, the backbone extending down into the lower lobe, whereas in 
fishes it tilts upward into the up|>er half of the fin. 

The ichthyosaurs undoubtedly swam in fishlike fashion by lateral un- 
dulations of body and tail, and the limbs, used only for steering and bal- 
ancing, arc comparatively small. They are very higlily modified; the indi- 
vidual bones assumed circular or polygonal contours and were packed verj' 
closely together so that, although the limb as a whole was flexible, there 
were no free movements between the joints. As in the plesiosaurs, there 
was a considerable increase in the number of toe joints. But while the 
plesiosaurs retained the original number of toes, the fish reptiles varied 
widely. Some had but three toes in a fin; in others, new toes were budded 
off, giving as many as eight digits; this is the only group of four-footed 
animals which has exceeded the orthodox number of toes. It seems certain 
that the ichthyosaurs were agile swimmers, as are the modern porpoises, 
which they parallel closely in body build. Some of the Jurassic water reptiles 
made much of their living by eating ancestral squids, as is shown by stom- 
ach contents preserve<l in some of the Jurassic slab specimens. 

These creatures were so extreme in their marine adaptations and their 
limbs so obviously unsuited for use on land that the problem of ichthyo- 
saur reproduction was early raised. A reptile’s egg will drown in the water 
as surely as an adult. In some snakes and lizards the eggs are retained in 
the mother’s body until they hatch, and it was suggested that the repro- 
duction of ichthyosaurs must have been of a similar nature. In agreement 
with this idea that the fish reptile’s young were born alive are a number of 
specimens which actually show skeletons of young ichthyosaurs inside the 
body of an adult individual. It has been argued that these maj have been 
youngsters which had been eaten by mistake. But in several instances the 
young have been observed partially emergent from what would have been 
the outer opening of the reproductive tract in life. The mother here appar- 
ently died during childbirth or (there are human parallels) labor may have 
taken place after the death of the mother. 

Ichthyosaurs became rare in the Cretaceous and appear to have died out 
well before the close of that period. It is difficult to understand why such 
seemingly highly adapted forms lacked success in the Cretaceous, when 
other marine reptiles, such as the plesiosaurs, continued to be numerous to 
the end of that period. 



SOME ^YATEa REPTILES 




The pedigree of the ichthyosaurs presents even a ^vorse problem than 
that of the plesiosaurs. The typical ichthyosaurs are those of the Jurassic. 
Back of this, there have been found in die middle and late Triassic (par- 
ticularly in Nevada) remains of ichthyosaurs of a somewhat more primi- 
tive build, with nearly straight tails and with limbs somewhat more primi- 
tive in nature. But further back Uian this we draw a complete blank. 
Theie is no evidence to connect die ichthyosaurs with any other reptile 
group whatever; they occupy a completely isolated position. Even re- 
course to that old favorite, the nature of the temporal opening, is no help. 
As in plesiosaurs, there is a single opening high up on the head, but the 
pattern of the bones here is different from that of plesiosaure and probably 
developed indejiendently within the 
group Very likely they are descended 
from some advanced cotylosaur type 
But there is no trace of intermedi- 
ates Some day, I hope, we may find 
the answer. 

MESOSAURUS AND GONDWANAIAND 

We shall end this chapter by some 
notes on a little fossil aquatic reptile, 

Mesosauru8, which deserves little at- 
tention on Its own account, but is of 
interest as introducing a major point 
of debate about the geography of 
continents in the distant past. a small Rilooeom aquaUc repUle 

II ol South Africa and South .tmerica (After 

Mcsosauriis was a small reptile, 
two or three feet in length, whose re- 
mains are known only from certain beds in southeastern Brazil and, di- 
rectly across the Atlantic, in western South Africa. The date is a bit uncer- 
tain but apparently about the beginning of Permian days. This reptile was 
reasonably well adapted for life in the water. The tail was ver>’ well devel- 
oped and could have been a good sw'imming organ, and the feet on the long 
hind legs were large wdth spreading, and probabb' nebbed, toes. (Tiiis is 
curious, incidentally; marine reptiles typically have either a good tail, as 
do the ichthyosaurs, or good ]>ropulsi\e limbs, as in plesiosaurs; here we 
have both, a situation comparable to a man wearing both belt and sus- 
penders.) The jaws were exceedingly long and armcil with abatlcry of very 
long, sharj), and slender teeth. The animal has no identifiable relatives and 
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presumably represents an early but sterile little side branch of the basic 
reptile stock And there is no trace of it m any fossil deposits except in two 
beds facing each otiier across the Soutli Atlantic How aie we to account 
for this curious distribution^ 

Now for Gondwanaland Far back in the last century it was discovered 
that Permian and Tnassic beds m peninsular India contained a senes of 
plants quite unlike any found in northern continents but \ery similar to 
contemporarj floras m Australia, 
Africa, and even South America 
It w as further found that where 
today w e find a series of mountain 
chains, including the Alps and 
Himalayas, running west to east 
across southernFurope and south 
ern /Vsia, there was m those days 
exacllj the opposztecondition — a 
broad seaway separating most of 
Eurasia from the southern con 
tmcntal regions (plus India) To 
account primarily for the plant 
distribution, it was assumed that 
theseareas formed a umted south 
cm land mass Since many of 
the ])lants which furmshed the 
evidence were found m an Indi 
an formation termed the “Gond 
wana beds,” this hypothetical 
continent was called ‘‘Gondwana 
land ” 

The Gondwanaland question 
has been long and hotly debated, 
pro and con Its supposed existence fits m beautifully with the Wegener the- 
ory of sliding continents, mentioned early m this volume, if one looks at a 
globe, one sees that South Amenca, Africa, India, and Australia can be neat 
ly tucked together into a single land mass, and much of the geology of eastern 
South America, for example agrees eimellently with the geological history 
of South Africa But most geologists like to have their continents nailed 
down tightly If the continents had been in their piesent positions in the 
Permian and Tnassic, however, the floral similarities between the southern 



The norld as it may have appeared in Paleozoic 
tunes according to the hj-pothesu of sliding conli 
nents The land masses of the norld may at that time 
have formed a s ngle umt from which the \mencas 
have since pulled away to the westward and Ant 
arctica and Australia to the southward Wb le the 
continents were still united a shaltov sea running 
east and west along the line of the present Alps and 
Himalayas may have separated the southern land 
mass Gond vanaland from the northern regions 
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continents, and India as well, could be explained only by building a most 
unlikely series of land bridges. 

Vertebrate evidence has been brought into the discussion to some ex- 
tent. Tliere are too few fossils of this age from Australia and India to make 
them useful as regards the eastern part of Gondwanaland. South Africa 
has been notable for nearly a century for the presence of Permian and 
Triassic beds with a rich fauna of mauimal-ldcc reptiles (of which until 
recently there ^\e^e few traces in northern continents) and eastern Brazil 
has a fauna which fits well into the South African series. It was assumed 
tliat tliese mammal-like forms had evolved in isolation in Gondwanaland. 
But forms comparable to many of the South African types have now been 
found in — of all places — northeastern Russia, well toward the opposite 
pole, and the theory of complete southern isolation must be abandoned. 

MesQsauTuSt however, still remains one of the stumbling blocks to those 
who like their continents pure and undefiled and lienee w’ould do away 
with Gondwanaland. Mesosaurus was aquatic and may have ventured 
into estuarine and coastal waters but does not have the high degree of 
specialization which we normally expect — and find— in truly marine verte- 
brates. It IS impossible to conceive of its having migrated from South 
Africa to Brazil (or vice versa) over an orthodox land route via North 
America and Eurasia without leaving the slightest trace of its presence in 
these continental areas. And it is equally difficult to imagine this little 
creature, os an ancient miniature Columbus, breasting the two tliousand 
miles of ocean W’aves that separate South Africa and the Brazilian shores. 
itesosaurus gives one vote, at any rate, for Gondwanaland. 



CHAPTER 8 


I I 

Lizards and bliakes 


Most of the present cliaptcr will be devoted to lizards and 
snakes, the most abundant and, in the eyes of most readers, the most 
typical of modern reptiles Before discussing them, however, we shall men- 
tion briefly some related forms, living and extinct, which shed light on 
their origin 

THE TUATARA 

Living today only on a few isolated islets off the coast of New Zealand 
IS the tuatara, scientifically known as Sphetiodon, a small reptile which 
appears superficially much like the lizards and resembles that group also 
in manv^ structural features TJicre arc, however, some cJiarocter* more 



Diagrams to ihon the evolution of the skull in lizanls and snakes Lrfl a side view of a primitive 
diapsid ( tno-arched ) reptile Center in tJie hznrds the loner arch of the temporal region is lost 
ailoning free movement of tl e boncconnecting nilh tlie lower la \ (the quadratej RigM asnaLeskull 
in which there is much greater freedom of jaw movement and Bexibility for aualloniiig The upper 
temporal arch is lost still further freeing the quadrate bone and also a bone connecting the quadrate 
with the braincase as indicated here ind in the ne\t figure there are further arc'is of movement or 
flevil ility in both skull and lower jaws 

primitive than those of any lizard, most notably, in the temple region, 
there are tw o perforations m the bones roofing the skull and giv mg plav to 
the ]avv muscles The tuatara is thus a diapsid — a term wluch we defined 
at the close of chapter C — as are the crocodihans today and as were the 
dinosaurs and other extinct reptiles to be considered in the next chapter — • 
the loiling reptiles It is, however, much more primitive and generalized 
than those forms, and while it has a few peculiarities of its own, it seems to 
be a reptilian “missing link,” a survivor of an ancient group of primitive 
two arched leptiles from which the ruling reptiles may have sprung Fur 
ther, while lizard and snake skulls are somewhat differently constiucted 
us 
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in the temple region, the\ appear, as we shall see picscntlj, to ha\e been 
demed fiom a two arched (diapsid) tjpe, so that the tuataia inj\ viel) be 
close to the ancestry of the lizard-snake group as well In agieement with 
these conclusions is the fact that here and there m the fossil lecoid forms 
similar to Sphenodon can be traced back to the \ery beginning of the Age 
of Reptiles, before the appearance of dinosaurs and lizai-ds 

But theie are two minor peculiarities of the tuatara and its fossil rela 
tues which show that, primitive as they are, they are slightly off the mam 
e\ohitionarj lines to ruling reptiles or lizards For one thing, tliese forms 
all have a bit of a beaklike projection of the upper jaw (not very pro 
nounced m the tuatara itself), and this is not a primitive chaiacter Fur- 
thei, the teeth in most other reptiles are either set m sockets in tJie jaw 
bones or, in most lizards and snakes, are fastened to the inner sale of the 
jaws In Sphenodon and its relatives they are, m contrast, fused tightly to 
the urns of the jaws For these reasons the tuatara and its allies are set 
slightly to one side on the family tree as constituting a distinct order of 
beak headed reptiles or, to put this m proper learned form, the Order 
Rhv ncliocephaha 

7 he tuatara was, at the coming of man, widely distributed over New 
Zealand, but it is now conRned to a few almost inaccessible islands m the 
Ba\ of Plentv , where it is preserved by law Averaging, at most, two feet 
m length and a dull ohvc or yellowish brown in color, it is, as was said 
above, much like a hzaid m superficial appearance and m most anatomical 
characteis One interesting feature which it shares with certain lizards is 
the letention of a median eye atop the head Wc have noted that eyes of 
this sort were common in the most ancient vertebrates I«ater they appear 
to have gone out of fashion, so to speak, and in most land amm ils today 
thev have disappeared, unless preserved as glandhke structures inside the 
skull Onl^v Sphenodon and some lizards retain them as verj small organs 
svtviated a.V«i\c a swvall oivewvwg \w live skull rout But even Uvwuglv prcbcwt, 
they are vestigial affairs, which at the most can merely distinguish be- 
tween light and darkness 

The tuatara is a dull and indolent creature, which, if it moves at all, 
usually progresses m a sluggish crawl However it can, and docs, dig cffec- 
tivelv, making burrows sever il feet m length, terminating in a living 
clnmber Curiously, on the islands where the tuatara now survives, the 
burrow is generally shared (a])parcnU> with no gieat love lost) with a 
small iielrel and its single egg or nestling Lirge insects, jiarlicularlj, 
locusts au<l beetles, are the tuat.irt*s mam source of footl 
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^\hy has this “living fossil” sunned m this one locality when its rela- 
te es ha\e otherwise jierished? This is an evlreme case of survival clue to 
isolation Aicliaic members of any group usually persist only when com- 
paratively free from competition with more jirogressivc types New Zea 
land Ins probably been completelj separated from other bodies of land 
since some time in the Age of Reptiles The development of mammals in 
other continents has prob ibly been a factor in the destruction of the 
tuatara’s relatives over most of the world But not a single mammal (ex- 
cept the bat) appears to have reached New Zealand until man arrived, and 
the lack of competition has presumably been the reason for the preserva- 
tion of this archaic reptile 

Sphenodon and its fossil relatives, vve have s«m, are close to being proper 
ancestors for other two arched reptiles and lizards but are a bit off the 
mam line Can we find, m the fossil record, still more primitive forms 
which do fill the bilP ^^e can Far back. m the reptile story — as far as the 
late Permian, before the Age of Reptiles proper had begun— there ap- 
Iieaied some small reptiles of a rather lizard like appearance, presumably 
descended from the still older colvlosaurs, with two temporal openings m 
the skull but without the two specializations of the tuatara and its fossil 
relatives These little fellows were long ago named the Eosuchia, meaning 
“dawn crocodiles ” This name is rather unfortunate, for although thej 
mav be remote forebears of the crocodiles, the eosuchians, as trul> pruni- 
tive two arched reptiles, may equally well be regarded as ancestors of all 
the ruling reptiles, the rhvnchocephahans, and the lizards and snakes as 
well 

LIZARD CHARACTERS 

\lthough lizards and snakes have many distinctive characters, it is uni 
V ersally agreed that the snakes are derived from some lizard tj jie which 
lost its legs (among other changes) , hence most scientific w orkers unite the 
two tjpes m a single large group, the Order Squamata (“the scaled rep- 
tiles”), the lizards forming the basic section of the order 

e alluded earher to the fact that the most imfiortant teclimcal feature 
distinguishing lizards and snakes from other reptiles lies m the structure of 
the temporal region of the skull, this is illustrated m an accompanvmg 
figure Thej are derived, quite surely, from reptiles with two tenipoial 
opemngs and hence two arches of bone running back across the cheek In 
hzaids the lower arch, forming the original lower margin of the cheek re- 
gion, has vanished, leaving the region of the jaw joint connected with the 



Some American lixards The common large iguana of Central America (a5o») is the tj'p cal member of a 
family of primitive lizards abundant in the imercas Ilie Andes (genus Anolti) are common forms 
present in the southern Un ted States as net) os the trop cs they si ow color change and hence are fre- 
quently (but incorrectly) termed chameleons The form illustrated (foircr Uft) is a large Cuban speaea 
Thel ttlebas lisk {lower right) has a crested back somewhat like that of the large extinct reptile Pimzfrodon 
seen m an earlier plate Still other iguanids are the mountain boomer and horned toad shoisn on 
later plates (Iguana photograph by Isabelle Hunt Conant Anolu Basilucut New York Zodlog cal So* 

ciety photographs ) 
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Thft luotora of New Zealand (Sp/icnodoji), an ar- 
chaic reptile, resemhies tfie iifards in many ays, 
Itut the tno-arched construction of its skull shows 
that it is tlic only surviving member of a separate 
order (nhyncliocephalia) nliich has existed since 
Uie Triassic. This condition was typical of dino- 
saurs and ancestral to modern lizards and snakes. 
The tuatara’s survival was due perhaps to iU geo- 
graphic isolation in New Zealand. Ltft.ihe skeleton 
of an almost identical form from the Jurassic 
(ffomocosaurua). (Spftenodon courtesy iVmerican 
Museum of Natural History, New York; IIomato~ 
aauru9 from a specimen in Harvard Unhersity.) 


Cetkos. Many of these small tropical lizards are 
agile climbers, the name imitates the cry of the 
common form, shown at the left, nhicii has become 
a nocturnal Louse dw eller in search of insects to eat. 
Their climbing ability is due to the deielopment of 
a series of cross-ridges on the soles of the feet (as il- 
lustrated below); the ridges are an aid in adhering 
to trees, walls, or ceilings, which they can lravei>e 
upside-dow n, Uianks to these friction pads, (Gecko, 
a New York Zoological Society photograph; Gecko 
foot photograph by D. Dwight Davis, Chicago 
Natural History hluseum.) 
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rest of the skull surface only hy a vertical prop. And in snakes, as dis- 
cussed later, the skull suffers further reduction in this region. 

Although most readers of this book are probably inhabitants of tem- 
peiate zones, where lizards are scarce to absent, the general appearance of 
typical lizards is familiar to everyone. They are the most “normal” looking 
of modern reptiles with a W’ell-proporlioned head, neck, trunk, and long 
slender tail. A peculiar feature of the tail of many lizards (and of the 
tuatara as well) is that there is a hssure across the middle of the body of a 
good part of the vertebrae. A bit of pressure, or even a contraction of 
muscles, may cause the tail to break off. Tliis appears to cause little harm 
to the lizard, which usually grows a new tail (although never as good a one 
as the original). This iieculiar trait is useful when the lizard is attacked; a 
predator which has seized the tail is left with this squirming appendage to 
occupy his attention, while its former owner hastily departs. As in primi- 
tive leptiles, the limbs of lizards are turned well out laterally, but they are 
in general much more slender than in early reptiles. A peculiarity of the 
typical lizard pose is that the shin is slanted backward and tlic hind foot 
turned outward, not forward — hardly a primitive situation. Within the 
lizaid group, however, we find numerous departures from this generalized 
body pattein. Especially notable is a trend, seen in family after family, for 
tlic development of a snakelike build with a long slender body and thelimbs 
reduced or absent. This trend is generally associated with burrowing habits. 

As the ordinal name indicates, lizards are covered with horny scales, fre- 
quently overlapping. In many lizards the horny scales are reinforced by 
bone grow’ing beneath them in the skin and the development of bony 
plates beneath the head scales, over the normal skull. Many lizards are 
omnivorous; a few are vegetarians; but many favor animal food, although 
the smaller ones’ needs must be satisfied with insects and the like. Most 
lizaids lay typical shelled eggs, and while a few forms guard the nest, 
t\\e\e Is wo parewtal ewie of llw yowwg. A \v<iscewtago of them hatoh the 
eggs internally — a feature which, as in the case of sharks and skates, may 
come about as a result of internal fertilization. The lizanls and their 
ophidian rdativ'es are the most “modern” of reptiles, ^fost reptile groups 
grew to prominence in the ^Mesozoic or even earlier, and they liad become 
cvtinct or at least had passed their hejday before the close of that era. 
But while there were a few lizard-likc forms in the Triassic, it was not 
until the Cretaceous — and the late Cretaceous at that — that lizards np- 
pcarctl in any numbers, and they are today in a nourishing condition. It is 
eslinialed tliut there arc more than 2,000 lizard species. 
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WHO'S WHO AMONG THE LIZARDS 

In a short si)ace v, c cannot even make a roll call of all the hz ird families 
(about two dozen), to say nothing of the highly numerous genera and 
species We will limit ourselves to the more prominent groups and to typi- 
cal or striking representatives of Uiem 

For a primitive position among lizards, the iguanid family, mainly 
American forms, probably can make the best claim, with their Old World 
cousins, the agamid group, as close seconds In almost every case the 
Iguanas retain the tjpical lizard jiroportions and appearance, none of 
them tends toward the snakehke type of body, and none reinforces its 
scales with bone The typical common iguana of the American tropics is a 
large lizard, running up to six or seven feet in length A smaller form, 
common in the North American Southwest, is the brightly colored collared 
lizard, or “mountain boomer “ Still smaller are the anoles, common little 
lizards m the southern United Stales and on southward into the trojucs 
The anoles arc among the most apt of lizards at changing color, and hence 
they are often sold at fairs or pet shops as “chameleons” — which they arc 
not One iguana inhabiting the Galapagos Islands is almost unique m 
spending much of its time in the sea, its food consists of seaweeds found m 
the shallows along the island shores Another iguanid sets a lizard record 
for tolerance of cold weather, being found up to a 15,000 foot elevation m 
the Andes and ranging south to inhospitable Ticrra del Fuego Most slnk- 
mg m appearance of iguamds is the male ‘ basilisk” of Central America, 
with a helmeted head, and crests extending up from the back and tad, 
somewhat in the fashion of the ancient reptile Dimelrodon Most aberrant 
in body proportions is the incorrectly named “horned toad” of the Nortli 
American dry and desert areas, with a short flat body and a senes of horny 
spines on head and back to give protection to this small, slow, and harm- 
less bttle lizard 

The agamids parallel the iguanas closely m many regards Very prob 
ably they have come from the iguanids, which they hav e superseded m the 
Old World where iguanids have survived only m relative isolation in Mad- 
agascar and the far Fijis The technical difference between the two famt 
lies lies in the fact that the iguanas have the teeth bound to the inner sur 
face of the jaws, as in lizards and snakes generally, whereas the agamids 
have them fused to the nm of the jaws (as m the tuataras) Many of the 
agamids have a normal body shape, but, as in the iguamds there are spec- 
tacular variants For example, the frilled lizard of Australia has a struc- 
ture of skin, supported by unusual growth of slender throat bones, which. 
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abundant in the drier regions of the Southwest 
IS not a load but a 1 zard {Pkrjnosoma) with 
a pecul arly broad and flattened body Consid 
erable protection is afforded it by its homy 
spines ere it of larger size its odd appearance 
would be considered as grotesque as that for 
example of the horned d nosaurs (Photograph 
by Raymond L D tmars courtesy New York 
Zoological Society ) 



The chgmeteon The true cl amclcons of the 
Old orld tropics prii cipall^ Vfnea are pc 
c alizcd in i umcrous features such os pre 
hcnsilc tail cleft feet for grasping limbs and 
long tongue for s<. nng insect prej (I i oto- 
graph Courtesy New ork Zoological Soc etj ) 



The flying dragon This lizard (Draco tolans) a na 
live of the East Indies is able to expand membranes 
on either side of the body like a parachute Tlic mem 
branes are supported by specialized movable ribs 
(Photograph by Raymond L Ditmars courtesy 
\ew York Zoological Society ) 



limbless Iizords In many lizard families limbs have 
been lo>l and a snakcl ke appearance results liic c 
forms can be distinguisl ed from the true snakes 
by the structure of Uic skull and various otl cr 
characters liore a sprees of the glass snake 
(Opkitaurtu) a 1 mbicss luard foun 1 m boUt North 
\menca and Euras a Still more specialized is the 
bind worm ( Inguui) of Europe (tefoic) This tiny 
creature is as the comparison in tl c photogra])h ii di 
cates no larger than an earthworm It is lovcver 
not bind for the eyes though small are well dc 
veloped (Ophisaurus courtevy New York ZoUlogical 
Society Inguis courtesy Vracncan Museum of Nat 
ura] liistory New ^ ork ) 



A common American lizard, the 
mountain boomer ” or collared he- 
ard {Crotaphi/tuj), abundant m the 
semiarid regions of the Southwest 
Tfiis IS a form of fairly good size 
averaging a foot or so m length, and 
related to tlie large iguana lizards of 
the American tropics (Pliotograpli 
copjnght General Biological Supply 
House, Chicago ) 

A short legged lizard (Scoseps) In 
various lizard groups there has been a 
tendency for reduction of the limbs 
The little Florida reptile shonn here 
belongs to a family Inonn as the 
skinks, most of n Inch, howc% cr, ha^ e 
normal limbs Oserpage are shown 
lizards in which with further rcduc 
tion the limbs hav e been entirely lost 
(Photograph courtesy American Mu 
seum of Xatural History, New 
\orh) 

The giant lizord of Komodo The 
monitor lizards (genus f aranu*) so 
called for no known reason inhabit 
parts of tropical Vfnea and the On 
ent Tfiough usually land forms, hie 
most lizards one >ariety tales to the 
sea of its tnososaur ancestors The 
monitors are generally forms of large 
size, largest of all ts the species found 
on the little island of Komodo in the 
Dutch East Indies Early reports of 
these dragons ’ said that they were 
SO feet or so m length However, like 
most monsters, they shrank upon in 

'vestigation The largest is but 10 feet 

in length Eircn so, they are very 
large reptiles V pig is acceptable 
bait although most monitors subsist 
on smaller prey, such as insects and 
rodents (Photograph courtesy \mcr 
lean Museum of Natural Ilistorj, 
New York ) 
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when the animal is faced with danger, can be ex])anded to a great — and 
brightly colored — frill surrounding the head and presumably giving the 
enemy the impression of an unexpectedly large and dangerous creature. 
In this family is found the only lizard which has made a step toward aerial 
navigation, the “flying lizard” of the East Indies, which does not fly but 
can glide from branch to branch by means of membranes that can be ex- 
tended out on either side of the body. But whereas every other vertebrate 
type that has taken up gliding or true flight has adapted its limbs for this 
purpose, this lizard, uniquely, has developed gliding membranes sup- 
ported by a series of extensible ribs. 

Despite their grotesque appearance, tlie chameleons, essentially an ar- 
boreal African group, are quite surely an extreme development of the 
agamid stock. They are, of course, universally cited for their ability to 
change color. The head is variably horned and crested; the eyes project 
from the head, almost as if on stalks, and may rotate wildly in search of 
the insects which form their diet. The tail is prehensile, and a further aid 
in climbing lies in the unusual structure of the chameleon’s feet. iMost 
vertebrates use cla^vs in climbing, but a monkey is aided by being able to 
grasp a limb between thumb and fingers, or big toe and tlie other toes. 
The cliameleons have a somewhat comparable specialization The feet arc 
split, with two toes turned in one direction and three in another, the two 
sets opposed The chameleon has, in effect, a double thumb. 

Most lemarkable is the tongue which, armed with a sticky bulb at its 
ti]), can be shot out with almost lightning rapidity to a distance as great as 
half a dozen times the length of the animal’s head. A chameleon may be 
seen sitting quietly when a fly alights at a seemingly impossible distance 
from its head A flash — the fly has disappeared, and the chameleon is 
swallowing contentedly. 

A group which is sometimes claimed to be of fairly primitive position 
but which is obviously highly specialized in some ways is that of the 
geckos. These are little lizards with short, stout but flattened, bodies and 
small legs, found throughout the tropics. They are extremely abundant; 
geckos, iguanids, and the skinks, described farther on, each include almost 
a third of all described lizaixi species, leaving only a relatively few repre- 
scntativ'cs of all the other faniiiics. A notable adaptation of many geckos 
is that the tips of the toes are expanded and supplied with friction pads 
which enable them to nin up vertical surfaces or even traverse a ceiling 
upside-down. Certain of the geckos have become Imbiliies of human habi- 
Uilioiis in the Orient, where they )>crform a useful function tus cater* of 
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insects llicy are noctural and quite vocal (the word “gecko” is an imita- 
tion of one of then cries), and their nightly activities m a dwelling tend to 
make an eerie impression on the mind of one not accustomed to them 
Ihc skinks are representative of a senes of more advanced lizard fam- 
ilies, characterized mainly by technical characters of the skeleton such as, 
for example, the usual presence of bone ossicles in the skin beneath the 
scales and the reinfoicement of the skull roof by the addition of superficial 
bony plates The skinks are one of the largest lizard gioups, with a particu- 
larly high concentration in the Oriental icgion and in Australia Despite 
their abundance they are little kIlo^^n to the non scientist, for they are 
generally small, without striking specializations, and unobtrusu e, tending 
to hide from sight and in many cases btcoining more or less burrowing by 
nature The body, CQ\ercd generally by smooth and shiny scales, tends to 
be long and slender, and the hmb:> at the most arc relatively small The 
trend toward a limbless condition, seen m a variety of lizard types, is well 
marked in the skinks, m many the limbs are mucli reduced and may be 
lost entirely This tendency is associated with burrowing habits 
A number of other but smaller family groups on the general evolution- 
ary level of tlie skinks arc to be found m botli Old and New Worlds Of 
these wc will mention only the lizards m the nanow sense of the term 
Our word lizard is derived from the Latin “lacerta,” m Roman days the 
popular name — and retained today as the technical name — for a senes of 
agile little forms, which <arc the common lizards of Europe As their dis 
tnbution over most of that continent suggests, tlie lacertids are better 
able to withstand cold climates than most lizards, one species e\ en extends 
northward beyond the Arctic Circle in Scandinavia, as a northern rival in 
hardiness to a South American iguanid mentioned earhei 

A final upward step in lizard evolutionary progression leads to a group 
often termed the diploglossans, or “double tongued lizards ” We are fa- 
miliar with the forked tongue of snakes The tongue is of normal construe 
tion m such primitive lizards as the iguamds In the diploglossans the end 
of the tongue is cleft and in some is seen to be very snakehke m its 
slender, deeply forked appearance and rapid movement in and out of the 
mouth Among the more primitive double-tongued Iizaids some have a 
normal body build, but here again there is a trend toward hmblessness, 
and the best known forms of this stage are the slow woim, an Old World 
burro wer, and the glass ‘snake” of Eurasia and Ameiica This last h/ard 
gets its name from the fact that it gives the impression of being brittle 
because of the ease and frequency with which it breaks off its tail — at the 
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drop of a hat or with even lesa incentive. Somewhat more advanced is the 
Gila monster of the deserts of the southnestern United States and ilklexico. 
This stoutly built and sluggish lizard lias a scale structure which gives it 
the appearance of being covered witli a pattern of colored beads. Its fame 
is due to the fact that it alone of all lizards has poison glands. 

In many regards the most advanced of all lizards is a group of oriental 
and African forms called (for no known reason) the “monitor lizards.” 
The monitors are actively predaceous; small forms and young individuals 
may content themselves with insects and the like, but the larger ones may 
attack vertebrates of considerable size. Many monitors are large forms, 
for example, an East Indian monitor which (most exceptionally for lizards) 
takes kindly to water life and has even been seen well out at sea, reaches 
eight feet in length. The giant of the group, however, is the “dragon” 
found on Komodo and other small islands in the Sunda region of the East 
Indies Early reports were that the animal reached a length of twenty- 
eight feet. As usual, the length contracted when actual measurements w ere 
made, and ten feet appears to be the maximum Even so, this is a large 
animal, weighing several hundred pounds and able to attack deer and wild 
pigs in its search for food Pleistocene monitors were even bigger, an Aus- 
tralian fossil having an estimated length of twenty feet, thus reaching the 
proportions of many dinosaurs. 

Related to the monitors is the one group of lizards to achieve promi- 
nence in the fossil record, the mosasnurs, huge marine lizards of the Cre- 
taceous. These great extinct forms are found in marine deposits in almost 
every region of the eartli, the best skelctoas ha\e been obtained from the 
chalk rocks of the seas which once covered western Kansas. The name, 
liowe\cr, derives from tlie fact that the first specimen came from the banks 
of the Jleuse River (Latin J/oso) in Holland, whence it W’as taken to Paris 
in 1795 as one of the major spoils of a French revolutionary army cam- 
paign. 

The large mosasaurs reached a maximum length of thirty to forty feet; 
about half the length w'as included in the long flattened tail, which ua.s 
obviously the main swimming organ. The limbs were very short, with 
broad spreading toes which presumably were webbed m life and served a 
steering function. The numerous iwinlcd teeth of the typical mosasaurs 
lead us to believe that they subsisted on fish, plentiful remains of which 
arc present in the same deposits. 

Burrowing specializations in lizanis reach Uicir peak in a remarkable 
group of tropical forms which are technically called “ampliisbacnids” but 
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may be termed “worm lizards.” These secretive little animals seldom ap- 
pear on the surface of the ground and, like the caecilians among the am- 
phibians, have attained a remarkably wormhke appearance combined 
with wormlike habits. Tlie head is a compact structure, its bones solidly 
fused to make it an efficient burrowing organ. With one exception, legs 
have disappeared completely. The tail proper is very short, but the body 
is extremely elongate, with up to 150 or more segments in the backbone; 
adding to the wormlike appearance is the fact that the segments of the 
body appear on the surface as a series of conspicuous rings. The worm 
lizards surely belong to the lizard group in a broad sense, but tliey have 
specialized so far in their subterranean adaptations that there is no evi- 
dence of special relationship to any of the more normal lizard types. 

WHAT IS A SNAKE? 

An even more modem reptilian group than tlie lizards is that of their 
evolutionary offspring, the snakes. There are a few Cretaceous forms 
which arc possibly primitive snakes but may be advanced lizards; there 
are no unquestionable ophidians before the Eocene, and the more evolved 
snake types do not appear until fairly late in the Tertiary. The snakes, 
thus, are latecomers and appear to be today at or near the peak of their 
evolutionary development. 

The most prominent character of snakes is their elongate limbless body 
and its sinuous movement. But we have just seen that many lizards have 
taken the same path, and a number of characteristic features of the 
snakes’ sensory organs are also shared with a fraction of the lizards. The 
really diagnostic features of a snake arc to be found in specializations of its 
skull and jaws which enable these predatory animals to distend the mouth 
to an enormous degree and swallow a prey of large size. We have noted 
that even in lizards the skull has been “loosened up” to some extent, so 
that the bone (the quadrate) which articulates with the lower jaw can 
move somewhat freely, thus widening the gape. In addition, in snakes (and 
in some advanced lizards as well) the two halves of the lower jaw, usually 
tightly united, are connected only by a ligament, so that the lower jaws 
can be spread sideways, and there is, still further, a flexible joint part way 
back along the lower jaw. 

But the snakes have gone far beyond this loosening of the lower jaws by 
(so to speak) breaking up the skull into flexibly jointed pieces so that pos- 
sible distension is greatly increased. In the back part of the skull, the 
braincase is a solid structure surrounding the brain and protecting it from 






SliH mors iizardtl ilote a ciiametcon in action llus 
linking pliotograp]) has caught a chameleon mi Jiva^ in 
the lightning fast extension and nitlidraual of tlic 
tongue to capture an insect i\iU) lU stick> tip Lejt an 
ampfaishaenul (/f^mrura) These are tiny burrowing 
limbless reptiles still more remarkable in many ro 
gards than Uic limbless types on an earlier plate 
Tliere may be as many as loO bodj segments repre 
seated by surface rings Utloxc a striped skink of a 
genus (Eumfcea) rommon in the United Stales the 
skmks m general are small and slender lizards many of 
which lend tow ard a reduction m size of limbs (Chamc 
Icon San Diego Zoo photograph b;y li 'tan Nostrand 
amplusbaenid and skink courtesy Charles M Uugert ) 




The Gila monster (//cWema) the only poisonous lizard (Cour 
teay Amencan Museum of Natural Historj N’ew \ork ) 




The King cobra ofsouthcastcmAsia, 
giant of poisonous snakes irith 4 
maximum length of 18 feet (FhotOw 
graph courtesy New York Zoblogicaf 
Society ) 

The snake skull This u a nonpoison 
ousform the ro> a) python Teeth are 
numerous and directed backward 
every movement forcing the prey 
down the throat The whole jaw ap 
paratus is loosely constructed ren 
denng easy distention of the throat 
(Photograph courtesy kmerican Mu 
seum of Natural Historj New 
York) 



A giant snoke The ana 
conda of South Vmenca is 
a boa somewhat amphibi 
ous m habits It has been 
reported to reach a length 
of 46 feet this is doubtful 
however and 30 feet may 
be a maxiiDum (Photo- 
graph courtesj \en "iork 
Zoological Society ) 
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harm during the s\\ allowing process. But everything else in the skull can 
move. At the back, not only is the quadrate bone freely movable, but with 
the loss of both original cheek arches, the bone that connects quadrate and 
braincase is itself only loosely attached. The front part of the skull can 
generally bend flexibly on the braincase, the bones of the palate can be 
moved; and the main bones of the upper jaw, still further, are rather loose- 
ly joined to the rest oi the skull As a result of this reniafkahle ffexibilrty 
of the whole head skeleton, a snake can distend its mouth to swallow an 
object much bigger than the diameter of its head — or even of its trunk. 

The swallovnng process is aided by the tooth battery In typical snakes 
the teeth are curved backward and are arranged in rows on tlie lower iav>s 
and, above, in similar rows on 
the palatal bones and (primi- 
tively) on the jaw margins as 
well As a result of the back- 
ward curve of the teeth, the 
prey, once seized, can never 
slip forward and, with alter- 
nating backward movements 
of upper and lower jaw struc- 
tures, IS gradually worked 
backward through the mouth 
and throat—to await a lei- 
surely digestion in the ex- 
panded abdomen of its com- 
atose “host ” Incidentally, 
wiUi this feeding habit, snake 
mealtimes tend to be higlily 
irregular If a large animal 
has been caught, the food supply so obtained may last the snake for weeks 
or montlis, and there is a record of a captive jiython ivhich went for nearly 
three years between successive meals. 

Many lizards belonging to a great Variety of families hav e tended to- 
ward the development of a snokelike body form, but few have gone .is far 
as the snakes themselves. The body is generally very long and slender, 
usually with two hundred to four hundred segments in the backbone; 
there are conijilcx joints between the segments, facilitating sinuous move- 
ment, and there are stout curved nbs for attachment of the nccess.'irily 
strong trunk muscles. Some jirunitivc snakes have vestiges of pelvic 



Tbe sLuU of ft p} than to show some of Uie mechanisms 
for Sftftlioning large objects Tlie two jaw hahes are 
loosely connected, (he front bone of theloHer jaw (d) can 
be bent on the back part of the jaw (ea) In addition to 
the ordinary nioxeaienl of the jan joint the two bones 
abo\e Uiis region (<}, tq) can also be roofed on the skull, 
the front part of the skull is also flexible The tcctli 
are directed backward, any motion lends to push a 
seised object down the throat, and it cannot slip out- 
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girdles, and in bo is and thons tlieie is a pair of small claws uhere the 
hind legs should be, but otherwise all trace of limbs is lost Aiding m the 
“slenderizing” ])iocess, only one lung is developed m most snakes All 
snakes are covered with stout overlapping horny scales, and there is an 
especially broad and stout paired row of belly scales to give good contact 
with the ground (or other substrate) Fishes swim, i\e have seen, by body 
undulations, movniig forvv ird by pressing the body curves back against the 
water Some trace of the body undulation survived m early land verte- 
brates The snakes ind other forms which have tended to lose their limbs 
and take on bodv elongation are, m a sense, returning to the original 
locomotor fashion They aie essentially swimming on dry land, witli the 
belly scales imshing against resistant objects and preventing any back- 
ward slip of the bodj Typically, progress is an undiihtory motion, with 
successive curves traveling backward m the line of the long axis of the 
body There are, however, variants 'Ihc “sidewinder,” an American de- 
sert rattlesnake, for example, navigates through sand with its body un- 
dulating nt right angles to the line of march On occasion some lieavy- 
boditd snakes move straight forward without undulating, tlus is accom- 
plished bv a rather caterpillar like motion of the \ entral scales, wluch have 
special muscles attached to them, each scale, m vvave succession from 
front to back, moving slightly forward and then pulling the body slightly 
to adjust to Its new position 

Tlie major sense organs of snakes depart widely from those found in 
moie generalized reptiles, although lieic, loo, some of the lizards may 
show parallels The ejes depart from the pattern seen in most verte- 
brates Tlie snake gazes at >ou with a fixed, unblinking stare It could not 
blink if it wished, for it has no movable eyelids Instead, the eyeballs are 
completely sheathed and protected externally by “spectacles,” stiff trans 
parent structures formed from fused upper and lower lids The deeper 
parts of the visual apparatus appear to function well in typical snakes, but 
its structure is so unusual that there are strong reasons to believe that the 
eyes of modern snakes rejiresent a secondary redevelopment following an 
ancestral reduction to a rudimentary state Snakes have lost their ear- 
drums and, while able to detect ground vibrations, appear to have little 
normal hearing “deaf as an adder” is a common English proverb We 
liave noted that some lizards have a forked tongue In snakes the tongue is 
very long and slender and deeply forked and, when the animal is faced by 
foe or potential prey, darts rapidlj m and out of the mouth If, on raeetmg 
a snake, 3 ou observe this action, realize that thia is not a gesture of den- 
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sion or defiance; he does it to smell you the better. In many land \erle- 
brates (not, hov,ever, in man and higher primates) the nose has accessory 
pockets nhich appear to have as a main function smelling the mouth con- 
tents. In snakes these pockets open up from the roof of the front part of 
the mouth. The tongue, when extended, picks uji from the air tiny smell- 
producing particles; with tlie tongue pulled back, the forked tips are in- 
serted in these pockets, and produce smell sensations reinforcing those 
gained through normal olfactory means. 

From what lizaid group and in what fashion did the snakes arise.^ In 
default of satisfactory fossil evidence, these questions cannot be surely' 
settled. In a number of anatomical regards the members of the lizard 
group termed the “diploglossans” — particularly the monitor lizards — ap- 
proach the snakes most closely and appear to be the best candidates for 
relationship, but monitors and advanced diploglossans show no evidence 
of a trend toward limblessness. 

Various suggestions have been made as to the “reasons” for the snake 
reversion to a limbless condition For example, limbs arc ineffective for a 
small animal trying to navigate in a deep-grass pampas type of country, 
whereas the snake type of progression is effective, the snake "swims” over 
and through the grass The monitor lizards and their relatives — such a.s 
the mosasaurs — show a strong trend toward the water, and snakes might 
have evolved from this group as swimming eel-like forms (there are many 
water snakes today). However, the majority opinion — a well-grounded 
one — is that the ancestral snakes were burrowers. oMost of the lizards 
which have assumed a snakelike form are burrowers, and, as noted below, 
many of the more primitive snakes living today are of a secretive and often 
burrow ing nature. Such an origin agrees well with the nature of the snake 
ear and eye. The loss of the eardrum in snakes is paralleled by a similar 
loss in many burrowing lizards (there is little to hear in a burrow except 
ground vibrations), and tlie curious structure of modern snake eyes is 
readily exjjlicable on the assum])Uon that ancestral snakes had become 
burrowers, with little need for eyes, and uiK>n return to the .surface, in the 
case of most snakes, they had redeveloped the "remains.” 

As in other reptile groups, wc find, of course, the greater concentration 
of snakes — sonic two thousand s|>ccics strong — in the tropics, vvith di- 
minishing numbers in temperate zones. Tliey appear, however, to be able 
to withstand cold weather rather belter than lizards so that, for example, 
in the northern United Slates, where lizartU are rare to absent, there is a 
fairly vaiied snake fauna. Temj>crale-7onc snakes frequently hibernate by 
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gathering, en masse for mutual warmth, m a “den” below the frost line 
The eggs are generally well covered, and m some cases they are said to be 
brooded or guarded during incubation, there is no known instance of care 
o! the j oung Here, as in lizards, a small minority of the forms bear their 
young alue 

Although most snakes adhere closely, on the whole, to a uniform pat- 
tern, there is considerable variation m habits, coloration, and dentition 
Wc can sort them out to some degree into more primitive, typical, and 
advanced, poisonous types 

Primitive snakes — Best known of snake forms with a relatively primi- 
tive structure are the boas and pythons In them, for example, the various 
skull parts are not as freely movable as m more advanced snakes The 
term “pj thon” is generally applied to Old World forms, “boa” to those of 
the Xew \\orld, but apart from the trifling question of the presence or 
absence of a supernumerarv bone l>ing above the orbit, there is little if 
anj difTcrcnco between the two Most boas and pythons are constrictors, 
winding their bodies around their prey (This habit, however, is also pres- 
ent in some of the more advanced snake forms ) The pythons and boas 
include the largest of all snakes The reticulated python of the Orient and 
the anaconda of South America run to a bit over lliirty feet in length m the 
largest measured specimens, the African rock pytlion is not far behind 
wath a twenty five foot record, an Eocene fossil bold, however, far exceeds 
any of these w ith an estimated length of sixtj' feet But not all of the group 
are giants many are of modest size, and some small boas and pjthons 
never grow to lengths of more Ilian two or three feet Many boas and 
pythons are arboreal to terrestrial some of the smaller forms are bur- 
rowing types 

Allied to the boas and pythons are a limited number of small snakes 
which differ in that the adaptations for wide opening of the mouth are 
somewhat less developed — possibly a primitive feature These forms, like 
some of the true pythons, are buirowers, a fact fitting in well with the 
hyiiothesis that the pnmitiv e snakes led a subterranean life at one stage of 
their evolution Still more significant ev idence is that furmshed bj a num 
ber of small tropical forms for winch tliere are no popular names but winch 
mav be called the ‘ blind snakes,” since the tiny eyes are concealed be- 
neath the head scales The best known genus is Typhlops (“blind face”) 
Heie we have a third group of exceedingly wormlike insect eating bur 
roweis, quite comparable in liabits and general appearance to the worm 
like amphibians and lizards already desenbed but readily identifiable on 



The rock python of Africa 
{upper figure), member of an 
Old ^\o^ld group of snakes 
related to the New \Yorld 
boas Except for an ^Vsiatic 
python and the anaconda, 
this IS the largest of known 
snakes, reaching a length of 
25 feet 

Tha most slender %naiie{Uft) 
The gray vme snake ranges 
from Arizona to the Amazon 
region 

Maior man killer The com 
mon Indian cobra (beloa, 
left), responsible for a large 
fraction of all deaths from 
poisonous snakes 


A blind snake {Leploiyph 
lopa) {behw) Asmall^^ono 
like burronmg reptile, mth 
snakelike structural features 
Possib)} the ancestral snakes 
Acre similar burroners (Vj 
thon photograpli by Isabelle 
}{uot Conant, other photo> 
graphs by Nea York Zoolog 
jcaJ Society ) 
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close iospection through their body covering of typical, if small, over- 
lapping snakelike scales. These little snakes range from about she inches to 
two feet long; the jaws are short and the teeth reduced; the short, blunt 
skull, as in the worm lizards, is solidly built as a burrowing organ, and the 
swallowing adaptations are little develo|>ed. Some of their characters are 
specialized, but others may well be primitive. Indeed, so many of the ad- 
vanced snake features are absent that some would deny tliem a place 
among the snakes and consider them only as somewhat snakclike lizards. 

Typical snakes. — Most common of serpents, advanced in skull motility 
over the boas and pythons but lacking the specializations (such as tooth 
reduction) seen in advanced, poisonous types, are a great host of snakes 
for which as a whole no popular name evisls but which are grouped by 
scientists in the family Colubridae. These include all the harmless snakes 
with which a reader in the North Temperate Zone is familiar, such as the 
grass snakes, black snakes, racers, and so on, most of which in rural Amer- 
ica are lumped in popular terminology as “garter snakes.” Most are of 
modest size, generally lacking the constricting habit and, in a majority of 
forms, lacking poison glands. Frogs arc favorite food for many species, 
with small reptiles, birds, mice and other smal) mammals, and iish in some 
cases making up the diet, small snakes may of necessity favor insects and 
other invertebrates There are many food variants. Various forms are fish- 
eaters, such types are most abundant in the oriental region. One small 
subgroup specializes in snaih. Tuo forms — one in Afnca, one in Asia — are 
specialized in structure for egg-eating The eggs are swallowed w’hole; spe- 
cial spines projecting downward from the neck vertebrae crush the eggs as 
they pass down the throat As to habitats, some are arboreal, many ter- 
restrial, a variety of forms are aquatic, a few are burrowers The farailj’ 
includes the great majority of all snake species; they are abundant in both 
Old World tropics, not uncommon in temperate zones; curiously, however, 
there are almost none in Australia. 

Most colubricls are typically modest, non-aggressive snakes, not harmful 
to man and generally, in fact, useful as destroyers of “vermin.” However, 
it turns out that a large percentage of tropical types are poUon-bearers. 
Jlost members of the family have a considerable row of teeth along each 
upper jaw margin. In the poisonous forms a mouth gland lias shifted from 
the normal production of simjile mucus to the secretion of a poisonous 
liquid. The gland opens out at the base of several of the back teeth; these 
are grooved, so that poison may trickle into the wound when the jircy is 
bitten. However, with the exception of a South African tree snake (“boom- 
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slang” in Afncaans), which runs to five feet m length, most of these 
“back fanged” snakes are loo small and non-offensive to be dangerous to 
man 

Advanced poisonous snakes — Most sp(K:iahzed in many regards are 
three families of snakes, all of which are highly poisonous and have devel- 
oped specialized fangs for poison injection One such group, almost en- 
tirely confined to the tropics of Africa and Asia has the cobras as its best- 
known member These snakes are slenderly built, but m a number of cases 
the liead can be expanded into a “hood,” which appears to function as a 
threat or warning ^^e noted above that in the “back fanged” snakes the 
poison may be injected along grooves in several teeth of normal size at the 
back end of the tooth row In the cobra group the situation is a more spe- 
cialized one The upper jaw bone, the maxilla, bears a small number of 
teeth the most anterior one, with which the poison gland is associated, is a 
fairly good sized fang, fixed m position It bears along its length a deep 
groove which is closed for most of its length to form a tiny injection duct 
Many members of the cobra group arc deadly poisonous, but their danger 
to man is a variable matter, for some are small, secretive m habits, or non- 
offensive Further, in even the most dangerous forms the “strike” is much 
less effective than that of the vipers and their km, generally the head and 
neck are simply raised verticallv off the ground and then swung down and 
forward at the prey, without the swift forward strike of the rattlesnake 
and Its relatives 

The cobras and forms closely related include a considerable number of 
species in Africa and from India eastward to the Malay region Best known 
IS the Indian cobra, responsible for a large annual death toll The giant 
among poisonous snakes is the king cobra of Siam and adjacent regions, 
largest of all poisonous snakes, reaching eighteen feet in length Several 
species of cobras, including the “nngbals” of southern Africa, have the 
terrifying habit of “spitting” venom at their adversaries, the head is 
raised, the fangs pointed at the enemy, and a fine spray of poison sent out 
which can travel several feet, if it enters the eyes, it can cause temporary 
or permanent blindness 

The Australian snake fauna is a peculiar one We have noted that typi- 
cal harmless colubnds are rare in that continent, on the other hand, cobra 
relatives are numerous and varied and make uj) the greater part of the 
native snake fauna Many of the Austrahan foims are small and moffen 
sive Not all, however, for example, the taipan of the northeastern part of 
the continent may reach ten feet or more m length and is said to attack on 
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Sight, and the tiger snake, white not as lat^e (up to si\ feet) is common and 
widespread and has an extremely potent venom 

Differing to some degree from Uie typical members of tlie cobra family 
are the mambas of Africa These are highly poisonous arboreal forms, the 
larger species of mambas, particularly the large black mamba which may 
reach seventeen feet m length, are among the snakes most dangerous to 
man because of their agility, activity, and rather aggressive habits Quite 
unlike the cobras m appearance, although definitely to be included m the 
same family on technical grounds are the little coral snakes, the only 
American members of the group There are a few species m the oriental 
region, but they are mainly found m the American tropics, reaching north 
to the southern United States The coral snakes are relatively small with 
an attractive coloration of red, black, and yellow stripes Ihe venom is 
extremely potent, but the coral snakes cause few fatalities because of their 
non offensive nature and their short fangs, which cannot penetrate shoe 
leather oi heavy clothing 

Generally placed in a separate family but closely related to the cobra 
group are the sea snakes (Hydrophiidae) The tail and posterior part of the 
bodv are flattened from side to side as an effective swimming organ They 
are purely marine forms m most cases the young are born alive, so that it 
IS not even necessary for them to come ashore for reproduction Ihesc 
snakes are not responsible for sea serpent stories, for none grows to a 
greater length than six feet They are extremely poisonous but of little 
danger to man, for they appear to be of sunny temperament, and thtir diet 
IS confined to fish The sea snakes have their center of distribution m tlic 
shallow waters of the East Indies but extend into the Indian and Pacific 
Oceans, their extreme range carncs them west and south to the tip of 
Africa, and to the east one species has been reported (rarely) on the shores 
of troiucal America 

A final family of snakes is that of the vipers, which include the major 
poisonous snakes of northern temperate regions as well as a variety of 
tropical forms Ihe true vipers include the most familiar of Old World 
tjpes, the pit vipers, a separate subgroup, are mamlj American m dis- 
tribution and include rattlesnakes, copperheads, and water moccasins In 
this fainilj the v eiiom apparatus is highly dev eloped The mam boue of llie 
upjicrjaw, the maxilla, bears onlv the very large fang (plus developing re- 
placements for it), w Inch IS so fonned as to lie a sh irji pointed h.v fioderniic 
needle, the \ enom passing dow n its length to the tooth tip in a clostxi lube 
Further, Uic fang (and the bone to which it is alt iched) is movable A 
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coini)licatcd senej» of hone articulations form a meclianisin by wliicli the 
fangs are tucked back inside the mouth ulicn the jaus are closed but 
erected automatically when the mouth is opened In contrast to the cobra 
group, the Mpers typically coil the body when jircpanng to strike and 
launch the body straight forward The Mpers have a tjjiically wedge- 
shaped head, broader behind, sej) iratcd from the stout body by a narrower 
neck region, this is in contrast with most other snakes (but some harmless 
forms ha\e similar contours) 

True vipers are widespread m Asia, Africa, and Europe but are absent 
fiom Australia and the Americas They aic, on the whole, much less dan- 
gerous to man than the cobia grou|) Ihis is particularly true of the com- 
mon Eurojican Mjier, the only poisonous snake in most of that continent, 
this form ranges from Europe across central and eastern iVsia and e\tends 
north to the Arctic Ciicle It is essentially a tiimd reptile, although it will 
strike when frightened 

Tlie pit % ipers are characterized by the presence, betw ecu ey c and nose 
on either side of the snout, of a pit containing a tissue hllcd with blood 
vessels and nerve endings liiis is a very specialized sense organ which re 
acts to temperature Evpenmenl has shown, forcvainjile, that a rattler, by 
means of this organ alone, can delect the difference between a warm and a 
cold electric light bulb sw inging a foot or more from its no^e It will strike 
at the warm bulb and lemain indifferent to the cold one, even though the 
diffeience in temperature at the j)it organ can be but a fraction of a degree 
This is a verv useful adaptation for detection of warm blooded prey 

A number of pit vipers are present in Asia, but their center lies in the 
Americas In the temperate regions of North America they include the 
only poisonous snakes (except for the coral snake in tlie South) These arc 
the water moccasin, or cottonmoulh, of the southeastern states and the 
lower half of the Mississippi drainage (not to be confused with harmless 
water snakes) , the copperhead, a relatively' small and inoffensive inhabit 
ant of wooded areas of the eastern half of the continent, and the numerous 
species of ubiquitous rattlesnakes, rightly feaied as the most dangerous 
members of the Noilh American fauna In the Northeast occur* the tim- 
ber rattler, small m size and now evtmetover large areas, farther west, tlie 
somewhat larger jirairie rattler is the common form The giants of the 
group are two southern species termed “diamond backs ” These seldom 
reach a length as great as si\ feet, although appearing of gigantic size to 
the person who comes upon one unexpectedly, but, with their thick bodies, 
they are evceedmglv poweiful and dangeious forms In the American trop- 





Poitonl Top, a rattlesnake 
strike — a higJi-spccd photo- 
graph. taken just after its 
fangs have penetrated a latex 
rubber bulb. A model of the 
rattlesnake head is shown, over- 
page, with the mouUi wide 
open to expose the poison 
glands. Here wc see an actual 
strike which explains w-hy the 
snake is able to swallow prey of 
greater diameter than its own 
head. Not only does tlie lower 
jaw drop down but the upper 
jaw bends upward. In fact, all 
the bones of the skull, except for 
the small braincase area, are 
freely movable. This photo 
abo shows the straight for- 
ward thrust of the strike. 

Cenier, (he fer-dc'lance(i7o- 
thropi alrox), a Urge tropical 
American relative of the rattle* 
snakes, which grows toalengtli 
of 8 or 9 feet. 

Jteloie, the Australian tiger 
snake {SoUctiii), a C*foot form, 
wliose poison glands may carry 
at one time enough venom to 
kill 400 men. (Rattlesnake 
photograph by Walker Van 
Riper, Denver Museum of 
Xatural Hisloiy; fcr-de-latice 
by Charles M. Bogert, Ameri- 
can Museum of Natural His- 
tory; XoUchis by Isabelle II. 
Conant.) 







North American poisonoui snokef Xhe 
fomu shonn on tins page illustrate 
tl c four t}'pes of poisonous snakes 
found in the United States ill other 
nat \c snakes are harmless and gen 
crally useful c tizens Upper left the 
rattlesnake (illustrated by the south 
ern diamond back) most common and 
dangerous of natise poisonous forms 
Directlj above a model of a dissected 
rattler s 1 eod to si on the poison ap 
paratus — large glands in the cheek re 
g on and a pa r of efEcient fangs acting 
as h^-podennic needles Left m order 
are the copperhead siater moccasm 
and coral snake The copperhead is 
found in districts w th good \ egetalioa 
east of the Rockies Ihe water mocca 
sin IS a closely related aquatic form of 
the southern states 

The three upper snakes are pit \i 
pers essent ally an American group 
The coral snake is more closely related 
to \arious Old ^iorld forms such as 
the cobras It is a small gaily colored 
and highly poisonous form from the 
Gulf states Vlthough its \enom rapidly 
paralyzes the nerves and brings almost 
certam death it rarely kills humans 
smee Its mouth gape is tmy and t 
a\o ds civilizat on Its black red and 
yellow stripes are mitated by one of 
the harmless snakes of the same region 
(Moccasin and rattlesnake courtesy 
New York Zoological Society other 
figures courtesy \mencan Museum of 
ISatural History New York) 
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ics are other large and deadly pit vipers, such as the buslimaster and 
fer-de-lance. The rattlesnake, of course, is characterized by the presence of 
the rattle at the tip of the tail, which vibrates with a distinctive buzzing 
sound when the snake is aroused. An element of the rattle is formed eacli 
time the snake sheds its skin; however, Uie number of “buttons” is not 
(contrary to popular belief) a .sure indication of age in years, for more than 
one button may be formed per year, and terminal buttons may be lost. 

Snake venoms are complex protein substances of considerably varied 
nature Two main types can be recognized* neurotoxins, W’hicli attack the 
nervous system and tend to cause death by inhibition of breatliing or stop- 
page of the heart, and haemoloxins, whidi clot blood cells and attack the 
linings of smaller blood vessels, with damage and destruction to tissues. 
In general the cobra tribe and sea snakes lend to secrete ncurotoxins, the 
vipers, haemoloxins, but there is great variation even from species to spe- 
cies. Danger from bites varies greatly according to the amount of to.\ic 
material received, the potency of the poison, the part of the body bitten, and 
whether or not it gains entry promptly or slowly into the main circulatory 
vessels. Cutting and suction at the wound are generally helpful measures; 
for many forms antivenins are available for injection. In the tropics, par- 
ticularly, snakebite is a serious problem. One estimate is that as many as 
40,000 people die annually from snakebite — a large proportion due to the 
cobra in India, where perliaps as many as 200,000 are bitten annually by 
one type of snake or another. In temperate regions, of course, tJie number 
of deaths is small; they are negligible in Europe, and even in the United 
States tlie much-feared rattler probably causes no more tlian a dozen or 
two fatalities annually- 
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Ruling Reptiles 

Once the primitive reptiles had been freed from the reslric 
tions of their ancestors’ aquatic existence, there began a great radiation of 
tlie saurian types which were to dominate the earth during the hundred 
million jears or more of history knoivn as the Age of Reptiles, or Meso- 
zoic era 

REPTILIAN LOCOMOTION 

Primitive walkers — In no nay is Llie great diversity of the numerous 
reptilian groups better shown than m their locomotor adaptations The 
gait of the primitive land forms nas an exceedingly clumsy one The limbs 
were widely sprawled out at the sides of the body, the trackway broad, the 
step short, the walk a slow and waddling one Such a t>pc of walking is 
exhausting, for much muscular effort is needed merely to keep the body off 
the ground the attainment of speed or the development of large size is 
impossible 

The turtles m their armor, oblivious to the world, have retained this 
old fashioned mode of locomotion to the present day The lizards have 
become somewhat slimmer legged, four footed tjpes but have not im- 
prov ed their limbs much and hav e nev er play ed any prominent role m the 
world fauna The snakes their cousins, have abandoned hmbs altogether 
and evolved their own peculiar style of progression Several reptilian 
groups dodged the issue by returning to the water and reshaping legs into 
finhke structures 

Some reptiles, the forerunners of the mammals, remained four limbed 
land dwellers but improved their method of walking, with important 
evolutionary results m a later chapter we shall discuss these ancestors of 
ours which tucked their legs under their bodies and became efficient four 
footed runners 

The evolution of bipeds — Here we shall tell the story of a second rep 
tilian group in which better running powers were attained but attained m 
quite a different way — the story of the archosaurs, or ruling reptiles They 
re 
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constitute, as tlie subclass Archosauria, a major division of the reptiles. 
As a technical feature we may note that the skull has two temporal open- 
ings, as in the ancestral scaled reptiles, and hence they are presumably 
remotely related to the lizards and the tuatara. 

Today these forms are represented only by the crocodile, a rather unpro- 
gressive and degenerate order, but the extinct dinosaurs and flying reptiles 



Ad outhne of the phjlogcny of Uic ruling reptiles Proot the prunitt\e hIocL cbiuc the crocodiles, 
flying reptiles, and the tno great orders of dinosaurs, «hile the birds lui\e also dcsccndol from this 
group 

nore also archosaurs, and the birds are descendants of this group. The 
ruling reptiles were the dominant fonits on tlie land and in tlie sky during 
nearly the whole Mesozoic, and the evolutionary story of the Age of Rci)- 
tiles is in great measure one w’hich tells of Uic rise and fall of the archo- 
saunan dj nasties. 

Most of the features of the group arc characters related to the develop- 



178 


THE VEIITLBRATE STORY 


ment of rapid running on their liind legs — the bipedal gait. As we shall see, 
various members of the group failed to become pure bipeds, and many 
others slumped back to a four-footed pose. All, however, bear in their body 
architecture indelible traces of the early trend toward bipedalism. 

How this process might have started may be seen among the lizards of 
today, such as the mountain boomer or collared lizard of the Southwest. 
Wien great speed is necessary, the front end of the body is lifted from the 
ground and balanced by the long tail. The inefficient front feet are relieved 
from duty, and the better-developed hind legs carry the whole weight of 
the body swiftly forward until the burst of speed is over, and the four- 



Skeleton of the primitive ruling reptile Omtihosuehu* Thu Tna&sic fossil repUle was about S feet 
long (tail included) (From Heilcuaiin, Th« Origin of DtrtU, by permission of D Appleton-Century 
Co , publishers ) 

footed pose is again assumed. None of the lizards has ever become a true 
biped, the ruling reptiles belong to a quite different stock but had a paral- 
lel early history 

PRIMITIVE RULING REPTILES 

The ancestral archosaurs come into view in the Triassic, first of the 
Mesozoic periods These early forms constitute the Order Thecodontia — 
not a very distmetive term, since it merely means that, as in ruhng reptiles 
generally, the teeth were set m sockets, lu contrast to the condition in 
lizards and snakes. Many of these progenitors of the dinosaurs and birds 
were comparatively small creatures. The more generalized types had an 
average over-all length of a yard or so, a great portion of this being in- 
cluded in the long tail In appeartance such an animal as little Orniiho- 
suchus would probably have resembled a fairly large modern lizard. Struc- 
turally, however, the differences wrere great. The front legs were short, the 
hind legs very long and much modified Obviously w e see in thecodonts the 
beginnings of arcliosaur bipedalism These ancestral ruling reptiles, like 
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many of their descendants, were sharp-toothed predators, and speed was 
useful to them m catching their prey. 

It IS from such ancestors that there came the crocodiles, dinosaurs, fly- 
ing reptiles, and birds, with the development of tliese little bipeds the 
ruling reptiles had begun their career 

The history of the group has not been a simple one From this slock 
came not only the prominent groups mentioned above but many short 
side-lme “experiments” which were quickly abandoned Many of the 
thecodonts became, so to speak, discouraged in the attempt to become 



Restoration of OmilAoiucAus a pruniUve rubng repUl« AllLoUi,h differing greatly in internal struc- 
ture, sucli a dinosaur ancestor vould have looked raUier like a lizard Probably when unhumcJ, 
this bttle reptile was still a four footed walker (From Ileilmann, The Ongin of llirde, by permission 
of D \ppleton Century Co , publishers ) 

bipeds and (as did many dinosaurs later) went back to a four fooled condi- 
tion (not, however, without showing clear evidences of the erstwhile at- 
teinjit at bijicdalism m their skeletons) Such pnmitiv e archosaurs as little 
Ornithosuchus shotted a trend toward armor development m the jircscnce 
of a paired row of small and thm bony plates down the middle of the back, 
many of the larger thecodonts developed a heavy armor covering rurlher, 
one set of large armored Tnassic forms, the phytosiurs,* whose remains 

* The names given to fossil forms by scientists are sometimes of lilUe signifirancc and occasionally 
prove to be quite misleading "Ebj-tosaur ’ belongs la the Utter categorj It implies that they were 
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are common in N’orth America and Europe, took to an amphibious, water- 
duelling existence. These forms were quite similar to modern crocodiles in 
size and appearance and probable habits, presumably lying uell sub- 
meigcd in the water while waiting for their prey. Breathing while more or 
less submerged is a problem. Here, as in some of the extinct aquatic rep- 
tiles mentioned earlier, the nostrils were moved uell back from the long 
snout, to give a shorter air passage to the throat. But further, they were 
moved up on to the lop of the head, sometimes even to the peak of a little 
“crater” above the eyes, so that nearly the whole head, as well as the 
body, could he concealed beneath the surface. 

CROCODILES 

The crocodiles were fully evoUeil by the following (Jurassic) period 
and replaced the phytosaurs as predaceous dwellers in inland waters. The 
jiliytosaurs were not the ancestors but the “uncles” of the crocodiles, 
which represent a jiarallcl evolution from the primitive ruling-reptile 
stock The modern alligators, crocodiles, and gavials are a rathei retro- 
gressive group of ruling reptiles These sluggish creatures, like many of the 
older thecodonts, have wandered far from the bijiedal pathway which 
their early ancestors had taken, although they have still, one may note, 
the long hind logs and short front ones that are characteristic of the group. 
They alone of niling reptiles, however, have survived, secure in their spe- 
cialized position in the world, while their more ambitious reptilian cousins 
have had their splendid day and have gone. 

The one conspicuous advance in crocodiles is their development of a 
false palate We have commented on the fact that the primitive opening of 
the nostrils into the front of the mouth is an awkward position for any 
land dweller that has returned to a life in the water. Other reptiles, we 
have seen, attempted a solution of the problem by moving the nostrils 
toward the back part of the head. Thecrocodilians evolved a much better 
breathing mechanism The nostrils remain at the tip of the snout. But 
underneath this there has been erected a partition running the entire 
length of the roof of the mouth, separating off the air passages. With the 
aid of this bony secondary palate and a flap at the entrance to the throat, 

plant-eating reptiles, whereas they were predaceous flesh-eaters Their numerous teeth were sharp- 
pointed conical affairs with blunt bases set in jair sockets However, the first fragmentary remains of 
phytosaurs found in Germany somewhat o\er a century ago consisted of a set of teeth with the jaw 
bone eroded away and with the blunt tooth bases projecUng from a block of sandstone The finder 
took these bases to be, instead, the crowns of the teeth and not unnaturally assumed that the creature 
was a plant-eater' 
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the crocodile or ’gator can breathe perfectly well under water with the 
mouth open, provided only that the tip of the nose is above the surface. 

The modern crocodilians vary little in tlieir general body pattern and, 
on the whole, do not vary greatly in their mode of life. All are amphibious, 
spending most of their time in tlie water, but are competent to walk about 
on land, although their terrestrial excursions are usually limited One cus- 
tomarily lliinks of a ’gator or crocodile 
as crawling about on its belly. This im- 
pression comes from observing slug- 
gish zoo specimens, in its native 
haunts the crocodilian ashore can 
stride along with the body raised well 
off the ground The tail is long and 
pow erful ; it is tlie main propulsive or- 
gan while sw imming, the limbs being 
held close into the body, and it is also 
an effective weapon, with which a 
powerful blow can bo struck. The 
body is covered with a complete series 
of tough horny scutes, set in a Hattish 
pavement fashion. The back and tail 
are further protected by bony plates 
beneatli tiie scutes, and in some living 
and many extinct crocodilians there is 
a belly annor as well 

The typical crocodilian pose is one 
with the body immersed in the water 
with only the top of the head (includ- 
ing the eyes) visible, while the animal 
jvaJis lor prey to api^ear. la 

popular thought, large animals are the 
typical prey. But while "big game” 
is readily accepted by some of the 
larger ty{>es, even the bigger members of the group eat any sort of animal 
material. In cases where food habits are well known, insects appear gen- 
erally to constitute a coiLMdcrablc fraction of the diet, with crustaceans 
and fish also bulking large; higher vertebrates (frogs, re])tiles, birds, and 
mammals, usually small ones) in most cases are but a small percentage of 
the “catclu” If not too large, the prey is bolted whole. A tj'pical croco- 



Lf/l, a \ lew ol iLe underside of the skuU of a 
Jurassic crocodile (Slemotaurut) The inner 
opening of tJie noslrib (in) lies far back 
tonarU the tliroat, alihougb the esiermi 
opening ho' at Uie tip of the snout Ilijht, 
Ihc back part of the palate of a modern t^-pe 
of crocodile, the inUrnal nostril opening u 
almost at the back end of the skull. 
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diban trait is to re\ohc the body rapidly after a large animal has been 
seized This aids m killing the prey and may also twist off a part of the 
animal’s body for easier eating As an aid to digestion, in the lack of any 
chewing of the food, the crocodiles and 'gators generally jjossess “stomach 
stones,” a set of pebbles which have been swallowed and lodged in the 
gizzard, a muscular part of the stomach, where they perform a grinding 
action in reducing the flesh of the victim to proportions suitable to be 
passed on into the intestine The crocodihans are, among living reptiles, 
the closest relatives of the birds, and it is of interest that their avian 
cousins show a similar adaptation 

The large eggs, on the average a few dozen in number, are laid m pockets 
dug in the mud of the shores or m a nest constructed of vegetation, trash, 
and mud In all forms where Uie habits are know n, the nest is guarded by 
the female dunng the incubation period, which appears to be some two to 
three months In some known cases, at least, the female continues to keep 
a watchful eve over her defenseless voung for a considerable period after 
their birth Most reptiles show little interest in their progeny once the eggs 
are dc])osited the crocodilian iiabits suggc'>t tliat the care of the }oung 
exhibited bv the birds had its beginnings while their ancestors were still 
archosaunan reptiles \Vliat of the dinosaurs, who were, like the croco- 
dihans, bird “cousins”’ In most cases, naturally, we know little of their 
breeding habits But in one instance, that of a small horned dinosaur from 
Mongolia, an extensive “nestmg” site was discovered where remains of 
eggs, young, and parents were all found close together in a single area, 
suggesting that m at least this instance there was a considerable amount 
of dinosaur parental care 

Most crocodihans are popularly termed either alligators or crocodiles, 
but there are apparently half a dozen or so distinct genera As wc have 
said, however, the differences are generally slight A technical difference 
between alligators and tyjucal ciocodiles lies m details of the position of 
certain of the teeth A point of difference easier to observe in the live state 
(without danger to life and limb) lies in the fact that, while all crocodihans 
kave long snouts, those of the alligators are broadly rounded, whereas 
those of most other forms are, to a variable degree, more slenderly shaped 
Crocodihans are, as a group, the largest of living reptiles, with maximum 
lengths of measured specimens running as high as tvventj three feet, the 
giants of the tribe aie some of the American ciocodiles, with the Indian 
gavial, the salt water crocodile of the Malay region, and the American 
alligator close behind in recorded lengths Most crocodilians, however, aie 




Crocodiimnj, The alligator 15 the more 
familiar North American form. Left, 
aboie, a young alligator in walking pose. 
Contrary to the usual belief, the animal 
walks high off the ground ratlier than 
sprawling; the hind legs arc long and 
powerful, as in its bipedal dinosaur rela- 
tives. Left, the Paraguay caiman, a 
small South American relative of tlie al- 
ligator, with a ma.Timun) length of 8 feet. 
Below, the “false gavial” (romistoma), 
a large slender-snouted fish-eater from 
Borneo, which parallels in form and 
habits tlie Indian ga\ial. Bottom, the 
giant saltwater crocodile of the Malay 
region, a dangerous man-eater. (Alliga- 
tor photograph by E. H. Colbert; cai- 
man by Frederick Medeni, couriesy 
C. n. Pope; Tomisloma, New* York 
Zoohgica) Society; saltwater crocodile, 
Zoological Society of Philadelphia.) 
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Ameneon crocodiles 4JLbougI] true 
crocodiles are mainly Old ^Vorld 
forms one crocodile species u 
present in the Canbbean region 
and reaches the southern tip of 
Florida In contrast to some Old 
orld forms, the American croco* 
diles are mainly fish eaters and do 
not appear to be particularly dan 
gcrous to man Abort, a habitat 
group in the Chicago N’aturol His 
tory Museum fryif, a live specimen 
(Photograph courtesy New \ork 
Zoological Society } 



A crocodile predecessor The ex 
tinct phytosaurs of the Tnassic pe 
nod were an offshoot of the early 
ruling reptiles that had habits sum 
lar to the modern crocodthans al 
though related they were not an 
cestral to the crocodiles Their 
adaptations for an amphibious 
ffesh eating mode of life were simi 
lar to those of crocodiles except 
that the nostrils nere situated at 
the top of the head in front of the 
ejes (From a drawing bj S 
^^llllston ) 
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much smaller, and a dwarf species of crocodile from the Congo seldom 
exceeds three feet in length. 

Crocodiiians are typically tropical animals; there is scarcely a region of 
the tropics in which there is not a representative of the order. The alli- 
gators, exceptionally, extended northward into the wanner parts of tlie 
temperate zone. One, the American alligator, ranges from the gulf states 
east and north as far as North Carolina; a second, smaller alligator, is 
found in the marshes of the Yangtze Valley of east central Cliina. This dis- 
continuous distribution is readily accounted foi by the fact that in earlier, 
Tertiary days, alligators (and other crocodiiians) were present far to the 
north in both North America and Eurasia. Apparently (as we shall have 
reason to discuss again in relation to mammal distribution) northern cli- 
mates were once less frigid than now, and crocodiiians could live and 
migrate freely over much of both New and Old Worlds 

In general a given region or habitat in llie tropics will contain one or 
possibly two species of crocodiiians. Most widespread are crocodiles m the 
narrow sense, with a considerable number of species ranging over the Old 
World tropics from Australia and the Philippines to West Africa and sev- 
eral species in the American tropics (the common American species gets as 
far north as the tip of Florida) Best known of the group are the Nile 
crocodile (which actually ranges over nearly the whole African continent) 
and the Indian form, known as the mugger, of the Ganges and other south 
Asian rivers Crocodiiians are mainly inhabitants of fresh-water streams, 
lakes, and swamps, but a large crocodile of the general Malaj’ region favors 
salt marshes and is known to swim far out to sea — a fact accounting for iU 
wide distribution from the eastern coast of India through the East Indies 
to the Philippines and the far Fiji Islands. Only m South America — par- 
ticularly the Amazon basin and the countries to the north — is there a con- 
siderable variety of crocodiiians. Tin’s is due to tlie presence here, in addi- 
tion to true crocodiles, of a number of species of caimans — alligator rela- 
tives, usually with a narrower snout and mostly of small size. 

Crocodiiians which specialize in fish-eating tend to have quite slender 
snouts, in contrast with more omnivorous relatives. Most specialized in 
this regard is the Indian gavial (more correctly “glurial”), one of tlie 
largest of crocodiiians and so distinctive that it is usually placed in a fam- 
ily separate from all other living members of the order. 

Prominent in popular lore regarding crocotlilians is their supposed man- 
eating habits. There is some truth to this belief, but the matter tends to be 
considerably exaggerated Themajority of crocodiiians, with averagebody 



THE VFnTLBKATJ:. STORY 


/Si 

(plus tail) lengths of but four to mx feet, arc too small to attack large 
animals of any sort, much less man Anti even many of the bigger ones 
appear to be essentially harmless to us Ihc alligator, for example, is one 
of the largest members of the group which seldom attacks a man Jlore of 
a menace, ho\\e\er, arc certain other large forms llie black caiman of 
South America (differing quite a bit from the usual small caimans) is dan 
gcrous, as is the Indian mugger to some extent (although charred corjises 
from burning ghats are the more usual form of its human fodder) It has 
been known from antiquity that the Nile crocodile will not infrequently 
attack man, and the great salt water crocodile of Asia and the East Indies 
IS a dangerous man eater 

As was said, the archosaursasa whole arc much reduced from their one 
time dominance, and e\en the surviving crocodilians are few m numbers 
compared to earlier days All through the Tertiary there arc records of 
numerous crocodilians, and back m the dajs of the dinosaurs croco 
dihans were abundant and saried 

^^1nle archosaurs wcic triumphant on the land and in the air, they 
tended little to invade the seas OnK one marine ruling reptile group ever 
entered salt water — the crocodilians ^^eha\c mentioned one living croco 
dile which enters the sea, but he is mainly a swamp dweller In Jurassic 
deposits we find highly adapted marine members of the group These am 
iiials had turned their limbs into steering {laddlcs and redeveloped a 
rather fishlike tail They were, liowever, a short lived group, successful 
invasion of the seas was reserved for members of other reptilian stocks 

FLYING REPTILES 

With the adoption of the bipedal gait, tlie fi ont legs of the archosaurs 
became freed for other uses In some groups they tended to degenerate, 
in a few forms thev functioned as grasping organs, ‘ hands ” In two cases 
thev took on an entirely new use — that of wings, organs of flight Flight 
was twice evolved m the ruling reptile stock once by the ancestors of the 
birds, as noted later again and for the time more successfullj , by the 
flying reptiles 

The pterosaurs ( winged leptiles ) or pteiodactyls ( ‘wing fingered”), 
were common forms during the Jurassic middle period of the Age of 
Reptiles The remains of these and many other contemporary animals 
have been preserved in considerable numbers m German lithographic 
stone deposits such as that at Solenhofen These deposits appear to repre 
sent fine sediments which settled in the bottom of ancient coral reef la 
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goons and in them are preserved many delicate structures, such as jelly- 
fishes and wing impressions of pterosaurs. A good example of a primitive 


flying reptile was Rhampho- 
rhynckus (not a hard name 
to spell if sprinkled liberally 
with /I's), shown in our fig- 
ures. This was a creatuie 
about a yard in length, witli 
a long beak armed with 
sliarj) teeth, a short body, 
and a long tail, tipped by a 
steering rudder. The hind 
legs were slim and feeble; 
but the front legs were very 
pow erful wing supports 

In the hand the first three 
fingers were short and armed 
with claws. Tiie little finger 
had been lost. The fourth 
one, how ever, was very stout 
and long and was the sole 
sujjport of the wing, a bat- 
like flap of skin which ran 
back to the thigh region 

This type of flying struc- 
ture is, of course, quite in 
contrast to that of birds. 
Nothing in the nature of 
feathers was present in the 
pterosaurs. 

These aerial reptiles ap- 
pear to have been fish-cat- 
ing types, flying over the 
water and diving after small 
fishes much as do some mod- 
ern marine birds. What they 
did when ashore to rest or 



Tlie skeleton of Rham}<fmhynchui, a long lailol Jurassic 
pterosaur. About one-fourth tiafurni site Impressions of 
the soft tissues of the tail ’“ruJiJcr” and King membranes 
are oftca preserved TlieMingsacresupporteil b/oiieie/J 
loDg aM<] poaerfu] finger (tlie fourth). The other fingers 
were short and, with the feeble liinj legs, were probiblx 
used for clutching puiposcs when at rest {From Wlllwton ) 


nest, however, has been a disjmtcd problem. The legs were ill-suilttl for 
walking pun)oses but were iierfcclly gootl clutching organs, as were three 
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fingers of the “hand ” Probably, like the bats, they hung suspended from 
tree limbs or o\crhanging rocks during their times of rest 

Besides tlicse long tailed flying reptiles, the Jurassic lagoon deposits 
have also yielded remains of short tailed relatives, some no bigger than a 
sparrow Short-tailed types were destined (in contrast to the more primi- 
tive ruddered pterosaurs) to hst over into the Cretaceous, the thud and 
last of the great reptile periods Some forms of this age grew to great size 
Pteranodon, a form found m the chalk rocks deposited by the seas which 
once covered western Kansas, had a wingspread of twenty seven feet in 
one specimen and was tlius much larger than any bird The beak was 
toothless , and a curious feature was an enormous crest projecting from the 
back of the head like a weather vane Pieranodon and his km were the last 
of flying rejitiles By that time birds were already far along m their devel- 
opmental liisloiy and soon entirely' su|)crscdcd their reptilian cousins as 
aerial navigators 


DINOSAURS 

Tlie story of the dinosaurs is one of the most lutcreslmg of all the evolu* 
tionary sagas furnished bv the vertebrates Beginning in the Triassic, tiiey 
increased greath in numbers and size in the Jurassic and Cretaceous, ruled 
the earth without rivals for nearly the whole evtent of the Mesozoic, and 
at its close disapjieared forever from the world 
\Ye customanlv think of the dinosaurs as a group of gigantic reptiles 
Tins, however, is not quite the case Among the dinosaurs were the largest 
animals that ever walked, but other dinosaurs wcie no bigger than chick- 
ens Furthei while all dinosaurs were descendants of the primitive ruling- 
reptile stock, there were two quite scjiarale groups of them, each contain 
mg a number of remarkable types 

The two dinosaur stocks — These two groups are termed scientifically 
the Orders Saunschia and Ornithiscliia, meaning “reptile like pelvis” and 
“birdlike pelvis ” The pelvis, or hip bones, offers a fine key character for 
distinguishing between the two dinosaunan tyqies, and we shall dwell for a 
moment on the technicalities of hip construction 

The hip bones of any land ammal consist of three parts Above the 
socket for the thigh bone is the ilium, fused to the backbone Below the 
socket he the pubis in front and the iscbmm behind In primitive land 
dwellers these last two form a sobd plate In early ruling reptiles, however, 
the two have diverged considerably, tlie pubis slanting down m front, the 
ischium running down behind This makes a three pronged pelvis, each of 
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the bones running off from the hip socket at a considerable angle to the 
others. 

This type of construction, not so far from that of ordinary reptiles, still 
persisted in the sauiischian, or reptile-like dinosaurs, including the flesh- 
eaters and the giant amphibious forms. In the other order, the Ornithis- 
chia, or birdlike dinosaurs (including among others the duck-billed dino- 
saurs and the armored and horned types), there has been a further com- 
plication. The pubis has swung back parallel to the ischium, just as in the 
birds But, as an aid to the support of the belly, a new bony process has 
grown forward from the base of the pubis, giving a characteristic four- 
pronged type of pelvis. This structure is, as we have said, similar to that 




The right pelvtc bones of dinosaurs, to show the contrast betrveen the two great orden Lrft, the In* 
radiate peU IS of a reptile-Iike dinosaur (order Saottiscuu) Rishi, the letraradiatcpeUis of a birdbbe 
form (order OnNrrutsciU^} In each case Uie socLel (a) for tiie thigh bone is bordered by Uirce ele- 
ments the ilium abo\e, tbe pubis befow and toward the front, the ischium betow and toward the 
back In tile birdlike form, bonoer, the pubis is two pronged, with an anterior process (op) 

found in birds But it cannot be too strongly emphasized that the birds arc 
not descended from these dinosaurs, tlie two groups are essentially “cous- 
ins,” descended separately from a common ancestor at the base of the 
ruhng-reptde stock. 

Footprints. — Both dinosaur groups were already in existence before the 
end of the Triassic, and numerous footprints have been found of dino- 
saurs of this age in tlie rocks representing old mud flats of the Connecticut 
Valley region. These bring out an interesting feature of dinosaur anatomy. 
In many dinosaurs wiUi a bipedal gait the main reliance was placed on 
the three center tocsj the outer one was lost, and tlie inner one often 
turned back as a rear proj). In this arrangement w e have an exact parallel, 
even to the number of joints and comparative length of toes, to the slnic- 
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ture of the bird foot T.liesc footprints were discovered over a century ago 
At that time dinosaurs were almost unheard of, and the tracks were (not 
unnaturally) long thought to be those of gigantic birds' 

Small carnivorous dinosaurs — ^\Yc shall first consider the history of the 
Saurisclua, or reptile like dinosaurs These were already abundant m the 



A restoration of dinosaur 1 fe on the shores of the TViassic naters of the modern Connecticut V alley 
itgioi Tig sOTDt the diTitaaTii Vypes •rWA may \iastV)S*tiTe!ipOTftT'D\6itir Vhenumertms^otA 
prmts (The artist incidentally \ as mistaVen in testoring this as a body of salt nater and with 
seanecd it \ as actually a fresh natcr deposit ) (From lleilmann The Ongin of Birds by permission 
of D Appleton Century Co publishers ) 

late Triassic Some early forms were comparatively small, swift, flesh 
eating bipeds, as were some of the stem archosaurs mentioned previously, 
little change was needed to turn one of tliese old forms into a primitive 
reptile like dinosaur Bipedal flesh eaters continued to be the mam stock 
of the saurischians throughout their history, and many of them long kept 




Thtt otlneh dinosaur {Ornilhorntmus} Tbia vas a Cretaceous b pedal flesh cater related to tlie giant 
carnivores but of relatively small size The bulk «as about that of an ostrich Ostncli hVe too vere the 
proportions of hind legs and neck and the small bead with a toothless bill Iloi^evcr a cliaractcnsUc dino< 
aaur tail was present and the three Angered hand was well developed This creature s habits are not 
surely known but it may well have been an egg stealer (Restoration by Erwm Christman photograph 
courtesy Amencan Museum of Natural ICstory New York ) 


The skull of Tyrannosaurus 
H e skull of this great flesh 
cater of (he Cretaceous meas 
ured some 4 feet in length and 
nas armed nith a poiterful 
battery of sharp compressed 
and recurved teeth \ plate 
wliicli follows shows tins biped 
al dinosaur m action ith a 
1 e ght of nearly 20 feel Tt/ran 
nosauruj is bclic%cd to be the 
largest carnivore whicli ever 
walked the earth (Photo- 
graph courtesj tmencati tfu 
scum of Natural History New 
Nork) 
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to a small size The small form Compsognathus^ for example, shown in one 
of our illustrations, v^as no larger than a rooster TJus little type presum 
ably preyed upon small reptiles of the lizard sort and perhaps even upon 
our oivn relatives, the tmy early mammals which were already inexistence 
An interesting end development of these comparatively small and light 
ly built members of the carnivorous group is that exemplified by the Cre* 
taceous “ostrich dinosaur” Omttitonnmus and its km These were some 
what larger m size, with ratlier ostrich like proportions, except for the 
development of the tail and front limbs They w ere toothless, presumably 



The skulU of some ruling reptiles to show the simiUnly of the pntlem in the group an 1 some of the 
modfications Upper left a small ancestral member of the group (Ebparlena) Upper right the giant 
carmiorous dinosaur Tifrannosaurus a large skull with huge sliarp teeth suitable for a flesh-eater 
Loirer left, DijJodoeut an amphibious pbnt-cater with a feeble dentition tatcernghi Slegoraurut a 
binl] ke hnosaur a herbivore with s toothless bill and check teeth somewhat adapted for chewing 

having a horny, birdlike bill , the hind legs show ev idences of fast running 
abilities the three-fingered hands cvidcntlj had considerable grasjnng 
power The probable habits of this creature have been a subject of con 
siderable debate It w as finally suggested that it made its w ay m the w orld 
bj stealing the eggs of other dinosaurs Teeth would not be nceticd in cat- 
mg the egg contents, but a beak would be useful m breaking the shell The 
grosjnng jiowers would be useful m tgg handling, and speed would be ad- 
vantageous in avoiding ennged parents That these thieves were, liow- 
tver, not alw ijs successful u shown bj the f ict that the crushed skull of 
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in their habits, spending much of tlicir lives m the ivater, the animal could 
bre'ithe and see, with only the lop of the head ex])Osed above the surface 
The jaws were short and weak, the teeth feeble and few m number It 
seems almost incredible that such a feeding apparatus could hav c gathered 
enough material to supply the huge body, although the fodder may have 
been some soft type of water vegetation wluch could be cropped with little 
effort The brain is small in all reptiles but excessively small m these 
dinosaurs in proportion to llieirsize Veiy likely tlie brain did little except 
work the jaws, receive impressions from the sense organs, and pass the 
news along down the spinal cord to tlie hip region, from which came the 
nerves working the lund legs Between the hips there was situated an 
enlargement of the cord several times the size of the brain 
Tins condition inspired the following flight of fancy on tlie part of the 
late Bert L Taylor, a columnist on the staff of tlie Chicago Tribune 

Uchold the mighty dinosaur 
Famous in prehistoric lore 
\ot onlj for his power and slrenglli 
But for Ills intellectual length 
\ou will obser\e by these remains 
Tiie creature had two sets of brains — 

One in liis head (the usual place) 

The other at 1 is spinal base 
Thus lie could reason o prton 
\s well os a posteriori 
\o problem bothered him a bit 
He made both head and tail of it 
So wise was he so wise and solemn 
Each thouglit filled just a spinal column 
If one brain found ti e pressure strong 
It passed a few ideas along 
If someUiu g slipped Jus forward mind 
Twas j'iuwainl hv JLbe one bcbinJ 
\nd d m error he was caught 
He had a sa\ iiig afterUiougiit 
\s he thought twice before he spoke 
He had no judgment to re\okc 
riius lie could think w lUiout congestion 
Lpon both sides of e\eiy question 
Oh gare upon this model beast 
Defunct ten million years at least 

The pres>cnce of the posterior brain” is probably a&socialcil w ilh a more 
prosaic but highly useful function \\c arc apt to conceive, untlimkingU, 
of nerve impulses os traveling almost initantaiicously , m the fa^Iium of 
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electricity. But even in mammals the spcctliest of nerve fibers transmits 
messages no faster than a few hundred feet a second, and in reptiles the 



rate of passage is much slower — only a few yards a 
second, on the average. In a small animal the brain 
can quite effectively send out directives for prompt 
responses to sensation, for the distances are short. 
Not so in an animal like Diplodocu^. 

If, for example, some animal had the temerity to 
])mch this great creature's tail, a considerable part 
of a minute would have elapsed before the brain 
would receive w'ord of this insult and be able to re- 
spond witli orders to the tail to lash out at the 
offender; by which time the latter might be well 
started on Ids way to the next county. Even in 
such a form as man, with a highly integrated 
nervous system, many simph responses — reflexes 
— arc brought about by nervous action in the 
spinal cord itself, without the necessity of refer- 
ring matters to the brain. The enlargement of the 
cold in the hip region (the sacral region) of sauro- 
pods and other dinosaurs serves much the same 
sort of purpose, if to a Idgher degree, as a center 
from which much of the activity of the hind part 
of the trunk and of the legs and tail could be regu- 
lated without the necessity of constantly con- 
sulting the distant little brain. 

A monumental construction of the backbone was 
neces<!ary to carry the tons of weight of the enor- 
mous body and to transfer it to Uie legs. Nature 
had solved in comjielent fashion the engineering 
problems involv'ed. The hackhone formed an arcJi, 
supported at the top by tlie massive hind legs be- 
neath tlie stout hijis and tapered away in each 
direction from this pier The dead weight of the 
bone of the spinal column was a considerable bur- 
den in itself; tliis weight had been reduced by 


hollowing out the sides of the veitebrae, leavnng 


only the essential framework of these bones. 


The hind legs were very massive and appear to have been quite straight 
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weight-bearing columns like the limbs of elephants. The front legs, usually 
much shorter, and thus reminiscent of tliese animals’ bipedal ancestors, 
bore less weight and may have been a bit crooked at tlie elbows. The feet 
seem to have been huge rounded pads with two or three large claws wliich 
would have been of aid on a slippery bottom. 

Even witli these stout legs it is difficult to see how these dinosaurs ever 


walked on land. The elements of physics show that there are natural limits 

set to the possible size of a 

four-footed land vertebrate. The 

weight of an animal varies in pro- 

portion to the cube of a linear Y‘% 

dimension. But the strength of hm 

a leg, like any supporting element j\ 3 

in engineering, is proportionate 

to its cross-section, which in- ^ 

creases only by squares. If a rep- 

tile doubles in all his dimensions, 

his weight is about eight times as 

great, but his legs are only four ' 

times as strong. Hence in large > 

animals tlie bulk of the legs must Wia}, ^ 

increase out of all proportion to 

the rest of the body. An elephant 

does not and cannot have the \ll Vm 

slim legs of a gazelle; and in the /iiW^ 

case of these gieat dinosaurs it u,c largest ^vah an 

seems doubtful if their limbs, c$Uaia(c<l Height of about fifty tons and nith a 

stout as they were, could have h«'sbtgrtBtenougUtolooko\crtUetopof alUrec- 

fP _ I j ^ . story budding Tina form la known from Jurassic 

effeclnely supported so many d^po,.,ta both Wyoming and East Africa (Irom 
tons on lanu’ ft inus appears \bei) 
probable that Ihesauropods uerc 

amphibious tyi>cs winch spent most ol Uicir lives in lowland swamps and 
lagoons where, buojed up by the water, problems of support and locomo- 
tion were greatly simplified. 

The giant of the group was Brackimaurm. This form was first known 
from incomplete remains from the western United Stales, now in the Chi- 
cago Natural History Museum. Tliere was only enougli material to show 
that the animal was a large one, with (e\ceptionally) long front legs. Later 
a .skeleton of an apparently identical animal was discovered by Genitan'i 
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in East iVfrica and has been mounted m Berlin lliis form was short bod 
led, with a stub tad, but despite tins may have reached a live weight of 
fifty tons Above the long front legs there stretched up a long neck by 
means of which this dinosaur could easily ha've looked over tlie top of a 
three story budding Dus giant of giants was apparently capable of Ining 
in waters of considerable depth 

The amphibious dinosaurs reached a peak at the end of the Jurassic, 
they played only a small part in the Cictaceous act of the reptilian drama 
and then \ anislied 


BIRDLIKE DINOSAURS 

The story of the reptile like dinosaurs was paralleled by that of the 
ornithischians, which resembled their avian cousins m hij) structure and 



A restoration of ll e primitive I irdlike dinosaur Camyloiatiiu* Shown here m a four footed pose 
vhich was perhaps assumed when walLing slowly forfa$ttra\el tl e aoimal was undoubtedly a biped 
(From lie loiano The Oriff n of Btrde by permission of D Applcton-Ccntury Co publishers ) 

hence are called birdlike dinosaurs It must, of course, be kept m mmd 
that these forms were not bird ancestors and, eveept m this feature, did 
not resemble birds any more closely than did other ruling reptiles 
(Re-^der You said that before ” Author “I know but jou had for 
gotten ” Revder ‘Nothing of tlie sort ’Author “Yen well then, let’s 
get on with the story ' ) 

Primitive herbivorous bipeds — These reptiles were laie in the Triassic 
but common in the two following penods The early members of the group 
are well represented by Campiosaurns^ \ Juiassic type which ranged from 
about eight to twenty feet in length m different species TJie early but! 
like dinosaurs were, like the primitive saurischiaus, bipedal m fast loco 
motion, but the front legs were usually comparatively little leduced, and 
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these animals (as the figure suggests in the case of Ca7nptosaurus) may 
well have strolled about on all fours when not particularly hurried. 

A major difference between these birdlike forms and tlie o ther dinosaurs 
lies in the fact that they had abandoned a carnivorous life; the ornithischi- 
ans were herbivores from the beginning. In connection with this mode of 
life, almost all of them had lost their front teeth and replaced them, it 
would seem, by a stout, birdlike, homy beak. The teeth in the back of the 
jaws were no longer pointed but were leafiikc chewing teeth willi rough 
edges. What each tooth lacked in grinding power was often made up for by 
an increase in numbers; in some of the duckbills mentioned below there 
\\ere somewhere between fifteen hundred and two thousand teetli in the 
mouth at one time. 

Duckbills. — In the Cretaceous, bipedal birdlike forms were abundant. 
The prominent group was that of the duckbilled dinosaurs, or hadrosaurs. 
These were large forms, exceedingly numerous in the late Cretaceous of 
North America, and many skulls and skeletons are known. The popular 
name arises from the fact that there was a broad, ducklike beak. Tlic 
limbs were massive, and probably they were far from speedy. In several 
cases there have been found “mummies” of these duckbills The dinosaur 
corpses had dried and hardened before being burled, and the surrounding 
mold of rock has caused the formation within it of a natural cost of tiie 
details of the skin. These mummies show’ that the duckbills had webbed 
feet and presumably were amphibious in habits, feeding in swampy pools 
or about Uieir margins. 

A curious event in duckbill history was the development of crested 
types. In some forms the bones about Uic nasal opening were swollen to 
form a sort of “eagle beak.” In another type there was a lliin domelike 
swelling over the lop of the head shaped like a rooster’s comb but made of 
bone. In ollicrs backward growth continued, to form a sort of liorn pro- 
jtclmg up and back of\ er the neck region, it is oi interest that ah these 
peculiar structures were fonned of the bones of tJie nasal region; nature 
liad, so to speak, taken the aniinars nose and pulled it up o\cr tlic top of 
its licad. We have little idea what function {if any) these curious crests and 
horns peiformed. However, in one case “dissection” of a fossil skull shows 
that the crest contained a pair of convoluted tubes forming the .lir jias- 
s.igcs for the nose opening to the tliroat. Possibly they held a reserve store 
of air for use in underwater feeding. 

Two ormored types. — Since .ill the birdlike dinosaurs were herbivorous 
in habits, speedy locomotion was of service only in escaping from ibcir 
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carnivorous cousins We find that several groups of omithiscluans had 
(parallel to the developments m the otlicr group) slumped back to a four- 
footed mode of life but -with their ancestry clearly shown by tlie short front 
legs Tliese slow moving tyjies invariably were armed in some nay against 
attack by the great flesh eaters Even in tlie stem archosaurs, we noted, 
there is frequently found a double row of small bony plates down tlie 
length of the back In Stegosaurus of the Jurassic these protective devices 
had been put to good use '1 hey had been expanded upward to form a stout 
double row of bony plates co\enng the back and tuo pairs of sharj) spikes 
near the lip of the tail Ihese slniclurcs obviously were useful m defense 
against attack from abo\e, but the flanks appear to have had little protec- 
tion 





The skull of a horned dinosAur Tnetratopt Tie hornsalio\e the e>esocbeU uere paired the nose 
born nas a single structure Tl e back half of the skull is an enormous bon/ frill covenng the neck 
(After Hatcher Afarsh ind Lull ) 

In the Cretaceous ne find a different type of armored dinosaur in 
An] yhsaiirus and its relatues Tlicse forms have been not inaptly termed 
reptilian ‘‘tanks ’ The body was broad and flat and studded abo\e witli a 
heavy senes of bony plates and nodules forming a protective layer not 
dissimilar to the upper shell of a giant turtle These dinosaurs could not 
pull their heads and limbs into the shell as could the turtles, but these 
parts were also protected for there were plates of bone to reinforce tlie 
skull, and large spines projected out at the sides to fend off enemies from 
the limbs 

Horned dinosaurs — A final development in four footed birdhke types 
was the appearance, m the late Cretaceous, of the horned dinosaurs such 
as Tnceratops In these forms the trunk appears to ha\e been barren of 
any def ensue structures e\erytliing was concentrated on head de\eIop- 
ment From tlie back of the skull there extended out a broad fnll of bone 






A pnmiliv« horned dinosaur {Protoceraicps) from the CreUccous of Mongol a Thu small reptJe (the 
largest specimen only about € feet long) svas an ancestor of the great homed dinosaurs but one w svhicli 
the horns were still UDde\ eloped (From a mural by Charles H Knight photograph courtesy Chicago 
Natural Hutory ^luseum } 



DInosour eggs found with the 
rema ns of the d nosaur shown 
above (Photograph courtesy 
American Museum of Natural 
History New York ) 



A small flying rept fe {Plerodactylus) from the Jurass c 1 thographic 
stone of Germany Except that this is a short tailed form the skeletal 
elements can be readily compared with those shown m an accom 
pany ng text figure {p 185) 
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which covered the neck region (a favorite place for attack). Then, too, 
there developed on tlie skull stout bony horns. T\\o of them were usually 
present over the eyes, much like llie horns of cattle, and a third was usual- 
ly present on the nose. An interesting find is that of a primitive horned 
dinosaur, Protoceratops, in Mongolia. This small animal belies its name, 
for there were almost no traces of horns; the neck frill, however, was al- 
ready well developed. 

Extinction of dinosaurs. — These homed forms were very abundant in 
late Cretaceous times, as were most of the major groups of dinosaurs. But 
at the end of the Cretaceous all of them disappeared completely; the reign 
of the ruling reptiles was over, the Age of Reptiles was at an end. 

Wiat caused the extinction of the dinosaurs is a question to which no 
single or certain answer can be given. It is obvious that the carnivores 
would necessarily have died out w'iUi tlie extinction of the herbivorous 
tyjies upon which they preyed For these latter, clianges in vegetation, the 
gradual disappearance of the plants upon which they fed, and the replace- 
ment of these plants by others which were not suitable for dinosaur food 
may have been important factors leading low’ard extinction; and study of 
fossil plants shows that a major change in tlie world’s flora was taking 
place in late Cretaceous times. Many dinosaurs, as we have seen, were 
lowland swamp and lagoon iorms; and at the end of the Cretaceous land 
areas were rising, witli a consequent reduction in such types of country. 
In addition, there is distinct evidence of a chilling of the climate in North 
America at this general time. All tliese factors can, more or less directly, 
be traced back to one major geologic event of tlie times — the rise of moun- 
tain systems, particularly the Rockies. This event, by raising land levels, 
had considerable influence ou climates and physiography and sccondanly 
on plant and animal life Perhaps the Rocky Mountains killed tlie dino- 
saurs I 
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Birds 


The buds are agiouj) of interesting and often dehghlfu! crea- 
tuies ^\hich are regaidcd as forming a separate class of vertebrates and 
seem to us as unlike reptiles as any sort of animal could be But, apart 
from then jiouers of flight and fcaluics connected uith it, they are struc 
turally similar to rejililes Indeed, it is because they are so close to the 
ruling reptiles from uliicli tlici are descended that ne may best consider 
them here 

THE STRUCTURE OP BIRDS 

Birds ha\c boon called by an old writer “glorified reptiles ” Feathers 
are, in reality, almost their only distinctive feature, for almost every other 
character can be matched m some arcliosaur type Large quills form the 
expanse of the wing, taking rise from the back of the forearm and from the 
thiee fused fingers in which the wing terminates The fleshy part of the 
tad is reduced to a short stub, from it there arises a spreading fan of 
feathers, which is an ofTective steering oigan The rest of the body is cov - 
ered with a thick, overlapping set of smaller, softer feathers which form a 
very effective insulation for tJic retention of the bird’s bodily heat. The 
varied coloration of the feathers maj be m p,art related to sexual displaj , 
in part related to protective coloration 

Unlike reptiles buds are warm blooded, that is, they have a high and 
constant body tempeiatuie (in some cases several degrees above that 
found in man) Tins requires a large supply of oxygen, good Jungs, and an 
efficient blood circulation We have pieviously remarked upon the incom- 
plete sepaiation of fresh and “used” blood streams m lower land forms 
The biido have evolved as efficient a ciiculation as our own, with a four 
chambered heart and but one mam vessel (or aortic aich) carrying all the 
pure blood to the body But tins evolution m birds has taken place inde 
pendently of that in mammals, for while the mam vessel in man arches 
over to the left of the body, the birds have put their emphasis upon a 
similar vessel on the right side 
m 



BIRDS m 

Brain and sense organs are much modified in relation to flight Birds 
(like men, but m contrast to most otlier vertebrates) depend largely upon 
their eyes for their information about the outside w orld The sense of smell 
IS little developed The eyes are large, within the eyeball is a circle of bony 
plates Such plates are present in many vertebrate groups (not m mam- 
mals) In part they serve to protect the eyeball from distortion by the 
pressure of liquids within it In many primitive vertebrates they appir 
ently serve additionally as a protection against water jiressure, and m 
birds, against wind pressure in flight 

The brain is large, and, as in mammals, it is the cerebral hemispheres in 
the front of the brain that are mainly responsible for its large size But 
there is a conspicuous difference between the two groups here In mam 
inals it IS the “gray matter’* of the surface of the hemispheres that has 
become enlarged, and (most conspicuously in man) the surface is often 
thrown into complicated foldings to increase the area of gray matter This 
region is associated with mteihgence (m the popular meaning of that 
terra) or, as a minimum, with tlic ability to learn by experience and tram 
mg which lesulls in intelligent behavior As may be seen from a figure m 
the next chapter, the surface of the bird brain is smooth, and the “gray 
matter” is small m amount What has increased is a set of internal struc- 
tures known technically as the corpora striata ( ‘stnale bodies”) Expcri 
mental knowledge of the function of this internal region is limited, but it 
appears that it is the seat of innate jialterns of behavior — mslmcts, m 
familiar terms 

This brain structure is not unexiiectcd in the light of ivhat we know of 
bird behavioi Birds can be taught (pigeons in the Hariard laboratories 
have learned to plav Pmg pong') but in general are much more difficult to 
tram than iiiainmals On the otlier hand, they ha\e lery coinplcv mborn 
patterns of behaMor These patterns arc an absolute nccessitx for llicir 
mode of life Regulation of flight requires a senes of complex reactions of 
instinctive nature, and still more, the young must be maintained until 
their potentialities for flight arc fully deicloped, leading m most casci. to 
further complex behaMor patterns m mating, nest building, ind care of 
the young 

In the skeleton there are many modifications m connection with flight 
Lessening the specific graxity, there are not only air sacs within the bodv, 
connected with the lungs, but many of Uie bones of tlic skeleton mas be 
hollow and air filled 

The breastbone, or sternum, is usually little developed m rei>ttlcs, m 
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birds It Is, an enorinons jilale covcimg nearly the whole underside of the 
chest, with a strong keel in the mid-line. To it are attached the powerful 
chest muscles Avluch propel the wings (these muscles foim the white meat 



Tile o\a modern bird Aote 

bone, the short body, and tail The ning skeleton 
includes the remains of the first three "fingm ’’ The 
foot IS four toed, »ith the first toe at t)ic back, the 
second to fourth pointed fornard, vtilh a structure 
^e^> similar to that of many dinosaurs The bird 
‘‘viishbone is the collarbone, or daside (rf), of 
other animals The enormous breastbone, or ster* 
num (st), is deicloptd to carry the powerful wing 
oiuscfes (the “white meat of the chicken) (\ffer 
Heilmann, The Onjrin o/ Birds, by permission of D 
Appleton Century Co , publisliers ) 


of llic chicken). In the hand there 
aie but three fingeis remaining 
of the original fi\e (there has 
been a similar reduction in some 
dinosauis), and these are more 
or Icjss fused, reduced, and claw- 
le-ss, acting as umg supports. 

We have noted that the pelvU 
is similar to the type found in 
2>ome dinosaurs and have also 
mentioned the fact that the hind 
legs of buds and two-footed dino- 
saurs me almost identical. !Mod- 
cin birds are toothless, with a 
horny bill, a feature also found 
in some flying reptiles and dino- 
saurs. 

All in all, the bird skeleton is 
quite similar to that of ruling 
reptiles. Even flight is not in itself 
adistinctive feature. Feathers are 
a unique character; but although 
these structures seem quite differ- 
ent from the horny scales whicli 
cover a lejitile’s body, the differ- 
ence is m reality not very great. 
The two ai e identical in chemical 
composition; feathers may have 
come from horny scales in which 
the edges have developed into 
a large number of fine, interlock- 


ing subdivisions 

The oldest-known bird. — The description given above applies to the 
typical modern bird Far different in many respects and much closer to its 
archosaur ancestors was the oldest-known bud, Archaeopteryx of the Ju- 
rassic. Two skeletons of this primitive bird have been found in the htlio- 











A Jufflisic ««6n« on a coral uland la G«naany A 6ne grained limestone used for lithography appears to 
have been deposited m the lagoons o! coral islands m the 'crarm seas that then co\ercd much of Europe 
The sediments were so fine that remains of many small and delicate creatures are prcscr\cd Several of 
the more mterestmg vertebrates are shown here amid a foliage of c>cads and oUier Mesozoic pbnU of 
trop cal appearance In the air are small fiymg reptiles of the genus lihamp/iOThynchus with long heeled 
tail Fluttering about or perched on cycads are the most primitive birds of the (rcAoeopteryx tj^ic known 
only from these deposits The two small animab at the left are dinosaurs of the genus Compsognatl ut no 
larger than a rooster but nevertheless related to the large Sesh eating dinosaurs (From a mural by 
Charles R Kn ght photograph courtesy Chicago Natural History hluseum ) 
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Dinosaur footpnnii In the Connect 
icut \ alley arc great depos ts of 
sandstonesof Tnass cage In lonous 
places tlicse ha% e re% calcd footpnnla 
* of d Dosaurs k major collection is 
that at Vml erst College (including 
the specimen figured) The foolj nnts 
shown are tliree-tocd Tliey are ot 
course comparable to those of birds 
j and were long supposed to 1 a\ e been 
^ 1 made by g gantic birds 



The oldest birds. The only known remains of 
Jurassic birds consist of these two skeletons 
and one isolated feather. All were found in 
the lilfiographfc limestone of southern Ger- 
many, half to three-quarters of a century ago, 
and not another scrap has been discovered 
since. Although the tw o specimens are thought 
by some to be rather different from one an- 
other, they probably belong to Uie single genus 
Archaeopteryx, Left, the specimen in the Ber- 
lin Museum; a nearly complete skeleton, show- 
ing all four limbs and tail, witli the head 
twisted back to the left; the feathers are well 
displayed. Lower right, the other skeleton, in 
the British Museum; tin's individual is less 
complete. Below, a restoration of a pair of 
these birds (the color scheme is, of course, im- 
aginary in museum exhibits). The bird in life 
was about the size of a crow. (Restoration from 
Heilmann, FugUnes Afsiamning.) 
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graphic stone deposits mentioned in the last chapter It is fortunate that 
the delicate type of preservation characteristic of those beds has sliow n 
tiaces of the feather, for otherwise there would be little to distinguish this 
early form from some of tlie small dinosaurs The tail was still of the old- 
fashioned leptilian type but wilJi a double row of fcithcrs down its Jengtli, 
there were wings, but these were rather feeble, and the three fingers sup 
porting them still bore claws 


The breastbone was small, in- 
dicating weak flying muscles 
None of the bones were hollow, 
and the jaws were armed with 
teeth These forms are, because 
of tlie possession of featliers, 
technically buds, but birds not 
far leraoaed from their rubng- 
reptile forebears 

There has been much discus- 
sion as to the origin of flight 
The theorv most generally held 
IS that the ancestral bird was a 
tree dw eller and that flight start 
ed as a slight parachute effect 
as the Proavis jumped from 
branch to biancli, the develop 
ing wings breaking the fall on 
1 Hiding gliding would have been 
a subsequent stage A second 
tlieoiy IS that the aiiccstoi s were 
ground tj jics and that the fealh 
cred arms and t^d J>v 

acting as jilancs, to incitase the 
sjiccd in running, lifting the Pro 
ivis somewhat off the ground 



Stciclor of one of tlic cl lest kuo M I inB ^^:l^aev|^• 
lert/x Zf ll u be con pared «ji/i do iwnt l>tnJ Jiohh 
in tic Hst figure the iin n ci ircrcnccs 1101111 i ere arc 
llic long l)on> tall tl c cH« ccl finger' an f ti e alin i cc 
ot the great keeled breisllioi c VI! the e arc cl aracters 
in ulich the ollcst birdf were still replihm ii 1 
dinosaur I ke in niture ( VUcr Heilman 1 TleOrigin 
of llirdt by penm. sion of I) Vpj Iclon Centurj Co , 
pubfts) ers ) 


Cretaceous birds — A full pcriotl after the api>carince of iht first lurds 


we catch a second glinijisc of the developing hirtl life of the \geof Ifcjitilc-, 


in the rem iins of some w atcr birds from the marine rocks of K in‘«xs One 


of the Ivpcs, Ilapcrormi, the ‘‘wcvlcrn bird,” was a w ittr dwtlhng diver 
winch h id lost the power of flight, a sccoml, Ichtlujormn (the ' fiih bml”), 
stems to have lived i lift like that of inotJcrn terns mil w is moikrniztd m 
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most lespcctsi, with imwerfully developed wings Teeth were still present 
m Ilapcrorms, and they have been claimed to be present in Ichlhpornvs, 
but the material on which this is base<l is dubious In any event, teetli ap- 
j)cai to have been lost at about the end of the Mesozoic, and dunng the 
Teitiary tlicic look iilacc the development of modern bird groujis 

Ostrich-like birds — -Today we find m the southern continents a number 
of flightless buds — the rhea of South America, the ostiich of Africa, the 
emu and cassowary of the Australian icgion, and the kiwi of New Zealand 



Skeletons o( Creticeous toothed birds Ltff Ichihyorint the (isk bird n sinnll form about ii inches 
in height mill good powers of flight liighi Hesperornij tiie western bird a large miijess diicr 
These skeletons were found in the 1870s (when the woodcuts here reproduced were luadel Curious- 
ly, hut little furUier material of these interesting birds has since i ecu discos ered (From Marsh ) 

In the Pleistocene epoch just behind us there were seveial other buds of 
the same sort, notably the “elei>liant birds” of ^ladagascar, whose enor- 
mous eggs have sometimes been found preseived entiie m the swamps of 
that island, and the varied moas of New Zealand (one leachmg twelve 
feet in height), which seem to have been still in existence when the i\Iaoris 
reached those islands not so many centunes ago Except for the kiwi, all 
these buds have much in common tliey are laige, with poweiful hind legs 
and small heads, the wings have been reduced to vestiges, and tlie featliers 
are soft and fluffv , m addition, the palate is of a peculiar, “old fashioned” 






Extinct s ant bird* In past t mcs there existed many gl tiess b rds some of them much larger U an b rds 
aowlvng ^2>ore some of the moas of New Zealand svl ch resembled the living rat tesm general build but 
in some instances reached a he gl t of 10^ feet VUI ough now ext net they existed there so recently that 
fresh bones and even featl ers have been preserved Zoirer It/t PhoTVTl acos a g ant tjpe from the 
Miocene of Patagonia wh cl stood about 4 feet n he ght and (uni ke the rat tes) had a large bead and 
powerful beak Lowerrght f? afryma from U eearly Eoceneof Wyoming T 1 is b rd was about? feet tall 
the contemporary horses were but ti c s ze of a fox terr er (Moas from a mural by Charles R Knght 
photograph courtesy Ch cago \atural History Museum Pkororhacos and D airy na courtesy Vmencan 
Museum of Xatural H story New York ) 
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type, coutrasting with that of neaily all other blid-j. The similarities are, 
for the most part, meiely featines which one would cxi)ect in any soi t of 
large bud which has ceased to fly, but tlic palatal stiuctuic (although this 
has been questioned) seems to definitely indicate that the ostrich-like 
forms are a natural unit of bmis of rather primitive chaiacter, technically 
called, because of palate and jaw stiucture, the Paleognathae. 

Their distribution is interesting Consideiablefiecdoni fiom enemies is a 
featme common to these tyjies In New' Zealand there is not a single flesh- 
eater to distuib them In Austialia the only cainivoies are comparatively 
haiinless pouched animals lelaled to the opossums, thcie are (in nature) 
no membeis of the cat or wolf tribes on that continent. The same was also 
ttue of South America until quite recent geological times, and the island 
of Madagascar has no flesh-eaters of any gicat size. Further, the rhea and 
ostiich dwell in open country where, once they attain any size and sjieed, 
escaiie fiom enemies is eas> . 

AYliat is the significance of this group® Some have suggested that the 
ostiich-hke birds aie truly primitive biids which have never attained the 
power of flight This is liigldy improbable, for they are in gencinl structure 
far nioie advanced than ArcJiaeopteri/x. quite surely tliey are the descend- 
ants of birds which once flew but ha\e abandoned this mode of life to 
reassume a purely terrestiial e\islencc. 

"Why do birds fly at all? The search for food is a major factor, but safety 
from enemies is peihaps a still moic important reason. If regions could be 
found wheie food weie plentiful enough W’ithout flying for it and where 
there weie no enemies of imjiortance, birds might well abandon flying, 
consei ve their energies, and return to the ground Such conditions are met 
in the homes of most of these flightless types and may have been respon- 
sible for the development of the Pleistocene and Recent giant birds. 

It w ould be reasonable to e\pcct that the ancestors of the osln'ch-Iike 
birds altliough flyers, would lia>ebecn foiiiisin whicli flight was relatiicly 
poorly developed; hence they would have the more readily abandoned this 
mode of life. Can we find today birds of Ibis sort which indicate the tjjic 
of ancestors from winch the oslricli-like forms were derived? 

In South America there Ii\ es a group of birds know n its the 'Tinamous.” 
These are rather stoutly built biixis, some of rather large si/e, resembling 
the partridge and other game birds in appearance. The rcseinbl.ancc to 
game birds extends to habits as well, for Uicy are mainly ground dwellers. 
When startled, they can fly but clumsily and for only a short distance. 
And the palate is that of the ‘*oId-fashioncd” Ij pe found othcrw isc only in 
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the ostrich-like birds. Here, tlien, we have relatives of the modern great 
flightless types which are already mainly terrestrial forms, which can fly 
but which fly poorly and would obviously abandon this habit readily if 
freed from enemies. They seem rather surely to represent the grouj) from 
which the ostriches and their kin have sprung. 

"Modernized" birds. — Apart from the ostrich-like forms and their lina- 
moii relatives, all living birds are usually included in a major group, the 
Ncognathac — the name referring to the more progressive nature of the 
jialate and other structures. They arc highly abundant and varied and are 
arrayed in some twenty or so orders. All have basically the same structure. 
The differences between the orders making up the group are no greater 
than those found within a single order of mammals, such as the carnivores. 
Des])itc these similarities, however, we should give here some brief account 
of these interesting creatures. Below we shall list the orders, seriatim, with 
brief notes as to the content of each and some major points of interest. As 
a visual aide^inimoirc an accompanying figure gives a thumbnail sketch of 
a member of each group. For each an ordinal name is given. Tlierc is uni- 
versal agreement as to the nature and number of orders in almost every 
case, but tliere arc differences as to the names to be used for them. We 
have here u.scd a system of names in common use In the United States, 
whereby each ordinal name consists of the scientific name of a common 
genus plus the ending -formes (thus, for example, Peltcaniformes indicates 
“pelicanus-like birds”). We shall list the orders in the fashion adopted by 
many ornitJiologists, beginning with various water fowl which are thought 
to be somewhat primitive and ending with the advanced perching and 
singing birds. 

Gai'iiformes . — The loons or divers. Fish-eating birds, frequenting open 
bodies of water, mainly the seacoasts. The loons, restricted to the Tem- 
perate and Arctic Zone of the Northern Hemisphere, are excellent swim- 
mers and divers, with webbed feet in which all four toes are pointed for- 
ward; under water both wings and feet are used for propulsion, and tlie 
birds frequently “submerge” for long distances. Although most of tlieir 
time is spent in the water, once in the air, they are strong flyers. Breeding 
takes place in the far north, with the simple nest placed on the ground at 
the margin of a marsh or lake. 

Podicipitiforvies . — The grebes, a second small group of swimming and 
diving birds, of much smaller size and of contrasting structure. The feet, 
instead of being webbed, have separate broad flaps of skin bordering each 
toe, and the wings are not used underwater. Even more than the loons, the 




The king pengutn The South* 
era Hemisphere contains a 
great \anety of these Bight* 
less, strong « inged sh immers 
Mainly Temperate-Zone ocean 
dwellers, one form is found in 
the Galapagos region below the 
equator, while others breed on 
the Antarctic ice The large 
king penguin nests on the 
Falklands, Kerguelen, and 
other southern islands (New 
York ZcM^Iogical Society photo- 
graph) 


The world s boldest navigators— the plovers The tiny golden 
ploters migrate annually from the Arctic to the Southern Hcmi 
sphere The voyages of the plo' er, which nests in northwestern Can 
ada, mdude autumns m Labrador and wmters m Paraguay For an 
unknown reason the young plovers remain m tlie North an extra 
month, and then, with no guide or previous tnuning follow the ex 
act course to join their elders' This and other mysteries of migration 
are discussed in the text The Alaskan form (rtghl) makes nonstop 
flights to the Hawaiian Islands m the course of its migration to and 
from the South Seas (Photograph courtesy New York Zoological So 
ciety ) 




A rolile reloltv* Die large 
flightless birds shown after 
page 202 — the rallies — arc 
belicicd to have daveended 
from fl>ing ancoslurs Passib)^ 
representing such ancc:>tors arc 
the tinamouj of bout!) \oier 
ica, show n here llic} arc siuu 
lar to the familiar * game 
birds ’ in liabiU but arc pour 
fliers Their skull structure rc 
scniblcs that of the ustncii hke 
binJs (hrom Lydekkcr ) 


Water birdt ancient and modern Ahote a rcstoral.ioQ 
3f Hetperornu a flightless diMng bird from the chalk 
rocks of Kansas similar to a modem loon but primitive 
m its retention of teeth Upper ripht a grebe belotf, a 
Sock of red throated loons These tno modem types are 
|ood sn immers and divers but also fly vi ell They do not 
have teeth Right the Galapagos albatross a poweiful 
oceanic fl>er (//rsperornis after Ueilmann others Kew 
York Zoological Society photographs ) 
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grebes take to tlic air with reluctance Their food, pnmanly animal, in- 
cludes frogs, inolhisks, and insects, as well as fish, unlike the loons, they 
are mainly fresh water lake dwellers. Ihc nest is commonly a floating 
platform of matted rushes and other plants 

Proccllaniformes — Petrels, sheanvalcrs, albatrosses Tliese are birds 
higlily adapted for oceanic life, s:])cnding the greater part of their lives on 
the wing over the seas, their wings are long and powerful, and their ability 
to journey so far and so long over the ocean is aided by highly developed 
])o%\ers of soaring flight, in which there is little expenditure of energy A 
curious (if minor) specialization of the order is that the external nostrils 
form a pair of lubes over the lop of the beak The albatrosses, mainly 
found in southern trojnea! or subtropical seas, arc the largest of fljmg 
birds, with a wingspread of ten to twelve feet the petrels and sunilar 
forms, of much smaller size, are widely distributed, and, m contrast to 
most membeis of the order, ont group of Southern Hemisphere petrel like 
forms may dive after their food Except for breeding, albatrosses and pet- 
rels arc almost never found ashore The albatrosses and some of tlie petrel 
group nest on the ground on isolated oceanic islands, the petrels typically 
nest in burrows on rocky shores 

Sphemsciformes — The jicngums are among the most interesting of 
birds — flightless forms with, however, well developed wings which are 
used as “flippers ’ in swimming through the southern oceans, the webbed 
feet are used merely as rudders The penguins are often stated to be Ant 
arctic forms, but although the large king penguin nests on the icy shores 
of the Antarctic the group is essentially limited to the South Temperate 
Zone One penguin resides in the Galapagos region, near the equator The 
penguins come ashore only to nest in colonies on the more inaccessible 
shoies They lay only one or two eggs, most make no nest, and in some 
cases the egg is earned on the parent s feet All penguins are solemn 
appearing birds the emperor penguin, some four feet tall in the erect 
posture assumed by penguins when ashore, is especiallv impressive Some 
fossil penguins were even larger, one reaching human proportions 

The origin of penguins has been much debated It has been suggested 
that they are the descendants of birds which came ashore on Antarctica 
during tlie early Tertiary when that region presumably had a temjierate 
climate but were later driven off into the sea as the ice advanced toward 
the end of the Tertiary Unfortunately this attractive story is probably 
false it seems more likely that lliey are derived from albatross like ances 
tors which never reduced their wings but, instead of flying over the ocean, 
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tended to settle upon its surface and put their wings to a new use by flying 
through, ratlier than over, the waves. 

Pelicaniformes. — Pelicans, gaoncts, cormorants, frigate birds, tropic 
birrls. A group of rather large, aquatic, and mainly oceanic birds vvliich can 
be distinguished from other birds of somewhat similar habits in that ali 
four toes are webbed. They are fishermen which seek their food by diving, 
often in spectacular fasliion. Most familiar are the large pelicans, with 
their long bills and the great pouch below the jaws for storing their fishy 
“catch.” The most abundant members of the order are the cormorants, 
rather long-necked fishing birds, with a dark glossy plumage, often con- 
gregating in flocks of great size and nesting in colonies on rocky cliffs; some 
are marine, but they also fish in inland waters- More compactly built, with 
shorter necks and typically white in color, are the gannets, which are 
marine forms with habits comparable to those of the cormorants. The 
frigate birds and tropic birds are oceanic forms which rather resemble 
gulls and terns in habits and general appearance. 

Cicomtformes. — Herons, ibises, storks. The members of the heron group 
are excellent flyers wluch frequent (often in colonies) the shores — gener- 
ally of inland waters — where they subsist upon fish and other animal food; 
with their long bills, long necks, and long legs, they are adopted to a wad- 
ing rather than a swimming mode of life. The egrets are members of the 
heron group, related are the biltcras, smaller marsh dwellers w’ith a more 
compact build. The storks are a further group of marsh-feeders w’ith long 
legs but a short neck, the ibises arc similar but with a slender bill, curved 
downward at tlie tip. Many members of the order perform elaborate court- 
ship ceremonies 

The flamingos are frequently included in the same order, but current 
opinion suggests that they should be regarded as a separate group ; they 
resemble the ducks and geese in some regards, the heron group in others. 
Neck and legs are extremely long, and the very long hill is abruptly lient 
downw’ard at mid-length , the color is of a remarkable jiinkish or rosy hue. 
They are mainly invertebrate-eaters, living in shallow lagoons or marshes 
— generally salt-water — where they congregate in enormous colonics and 
build their nests atop pedestals of mud. 

Anscriforines. — Ducks, geese, swans, screamers. Most members of tliis 
order form a comiiacl group of clearly related forms. They are swimming 
birds which are also good flyers and may migrate long distances. The legs 
are short; there arc three wcbbetl toes and generally abroad, flattened bill. 
^Vlth few exceptions they frequent fresh waters, nicir feeding habiU arc 
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\aiicd, langing from vegetable food to mollusks and fishes The one excep- 
tion to the unifonnitj of the older is the inclusion here, somewhat doubt- 
fully, of the “scrcaincis” of South America Ihey gam their name from 
their loud voices, they are about the size of a turkey and, while resembling 
the duck goose group in some features, have very large unwebbed feet and 
narrow bills 

Fakomforma — 1 he hawks, falcons, eagles, bur/ards, and v ulturcs ^\ ith 
this order we at length leave the water for more terrestrial and arboreal 
bird tyqies These form the major group of rapacious birds which, m con- 
trast to the owls, seek their prey by <lay' They are of robust build, with 
powerful wings, short but stout arched bills with sharji cutting edges, gen- 
erally short stout legs and sharp curved clavss Most commonly small 
mammals or other birds form the food supply , how ev er, fish may be the food 
souice — as in the osprev — or carrion, as m the Old World vultures Sim- 
ilar m habits to tlic latter, but a very distinct senes, are the New World 
forms including tlio common “turkey buzzard” of the southern United 
Stales, the condor of the Andes, and thegieal California vulture, which 
are the largest members of the order 

An anomalous form, rather doubtfully belonging to this group, is the 
secretary bird of Africa, some four feet liigh, with long legs and tail and 
with plumes projecting back over the neck as if he were a secretary of 
olden times with quill pens stuck over his ears The secretary is mainly a 
ground bird, feeding on frogs and toads but with an especial fondness for 
snakes 

Galhjormes — The game birds pheasants, fowls, partridge, grouse, 
guinea fowl, turkeys Most of the members of this order are of fairly uni 
form nature, generally of moderate size and compact build, often with 
marked sex differences m the plumage They are terrestrial m habits, 
flying but little — rapidly — but for only short distances, nesting on the 
ground, and feeding primarily on gram The more typical forms can be 
roughly placed in four categories (1) The pheasants. Old World forms 
ranging east from the ilediterranean country and especially abundant in 
southeastern Asia and the adjacent islands The domestic chickens are de- 
rived from the jungle fowl of the Malay region The peacocks of southeast 
Asia, with a recently discov ered African species, are close to the pheasants 
(2) The “upland” game birds, mainly inhabitants of the North Temperate 
Zone, such as partridges, quads, and grouse The ptarmigan (wnth a white 
winter plumage) is a northern outlier, the bob white, prairie “chicken” 
(similar to the extinct heath hen), and the ruffed grouse (often miscalled a 




The kiwi. Of the many varieties of flightless birds which inhabited prehistoric Xcw Zealand, all arc now 
extinct except the kiwi (^Ipteryz) (abore right). These nocturnal birds are somewhat larger tlian domestic 
fowl and believed related to the “ratites,” such as the ostrich The long hill is used to probe for worms, 
their principal food (Photograph courtesy American jVfuscum of Natural History, New York ) 


Birds reeentSy extinct. T\ithm recorded history numerous birds have become extinct, the great auk. the 
passenger pigeon, and, shown here, the dodo (.upper left) and the heath hen (tefoir) The dodo « as a flight* 
less bird related to the pigeons and somewhat farger than a turkey It was abundant on Mauntms when 
that island was first discovered, but man and bis domestic animals caused its extermination before tlie 
close of the seventeenth century Skeletons alone have been preserved, but from excellent paintings repli- 
cas such as this have been made (Photographs courtesy American Museum of Natural History, New 
York) 


The heath hen w as closely related to the praine ben of the w estem plains and more distantly related to 
the grouse and other game birds It w as once found m many areas of the eastern United States, but a cen- 
tury ago survived onl} on Martha’s Vmejard Here a flock remained with s[owl> dwindling numbers until 
1932, when the last survivor, illustrated here, died (Photograph courtesy Dr A O Gross, Doudoin 
College ) 
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"partridge”) are familiar North American forms. (3) The ^ifrican guinea 
fowls, of which there are a number of forms in addition to the common 
domesticated species. (4) The turkey of North Ainerica, witli a second 
species in Central Asnerica. 

There are several less characteristic types ajipcnded to the game-bird 
order. 'Hie brush turkeys, or mound-builders, of Australia and the islands 
north to the Philippines are notable as the one group of birds using arti- 
ficial means of incubation. The very large eggs are laid in mounds of de- 
caying vegetation and warmed by the heat of decomposition, one excep- 
tional form instead buries the eggs in warm sands. Once laid, the eggs re- 
ceive no further attention; the young, most unusually, are born with 
plumage of mature tyjie and immediately start to make their own living. 
Tlie curassows and guans of South America (and north to southern Texas) 
are large handsome birds, usually with a feathered crest, in contrast to 
most m emb ers of the order, they are arboreal in habits. A very unusual 
form, likewise arboreal, is the hoaetzin of the American tropics, rather 
pheasant-Uke in appearance. On the first two "fingers” of the wing, the 
young have redeveloped claws — lost since the days of Archaeopteryx — 
which they use to clamber about tlie branches. 

QruiSoTmes. — Rails, cranes, bustards. In this order and the next we re- 
approach the water after having been on firm ground for some time, for 
many of the forms to be considered are waders. The present order is a very 
miscellaneous assemblage, with the rails and coots as a central stock. 
These are small-lo-medium-size wading or swimming marsh birds, omm'v- 
orous, with rather poor powers of flight, and mostly secretive in habits; the 
head is small, the neck rather long, the legs long and sturdy, the wings 
short, and the body narrow. The cranes are large birds, superficially re- 
sembling the herons or storks with their long necks, long legs, and usually 
long bills; in contrast to the rails, the wings are very ell developed, and 
the northern species of the group (they are Northern Hemispliere birds) 
are migratory. A third major group locltided here are bustards of the Old 
World, which are (except for the ostrich-like forms) among the largest of 
birds, with a very bulky build. Quite in contrast to rails and cranes, they 
are terrestrial types, frequenting dry open plains. Because of their size 
tlicy get off the ground with difficulty but, once in tlie air, are competent 
flyers. Appended to the order is a miscellaneous assortment of other birds, 
including the cariamas of SouUi iVmcrica, the little button "quails,'^ and 
the trumpeters of the same continent; Uicsc lost arc llic size of a hen but 
liave the ap|>carance of a miniature ostrich. 
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Thought to be related to the present order are two senes of large flight- 
less birds which antedate m lime the ostneh-hke forms of modern and 
Pleistocene days In the Eocene of North America is found Diatryma, a 
contemporary of the earliest horses The horse at that time ivas the size of 
a fox terrier, but tins bird (armed with a powerful beak) was seven feet 
tall Later in the Tertiary a comparable group of large flightless rail like 
birds flourished for a time m South America 

The giant early birds arouse speculation, their presence suggests some 
interesting possibilities — which never malenalized At the end of the Mes- 
ozoic, as vve liav e seen, the great reptiles died off The surface of the earth 
was open for conquest As ])ossibIc successors there were two groups, the 
mammals — our own relatives — and the birds The fonner group suc- 
ceeded, but the presence of such forms as Diatryma shows that Uie birds 
were, at the beginning, their rivals What would the earth be like today 
had tlie birds won and the mammals vanished’ 

Charadrtiforines — Plovers, sandpipers, gulls, terns, auks This is a sec- 
ond miscellaneous group of diversified birds which have wading forms as a 
central stock and arc separable from the last only on highly techmeal char- 
acters A central assemblage is that of the sandpipers, plovers, curlews, 
snipes, and woodcocks — Jong bdled, generally slender in build, long legged 
little birds, most of which frequent shores and marshes A second major 
group IS that of the gulls and terns, a cosmopolitan group of medium to 
large sized gieganous birds They arc long winged, strong fljing forms, 
mainly oceanic but frequenting inland bodies of water m some cases All 
are good swimmers, especially iJieguIls, winch, however, are Jess capable of 
sustained flight than the graceful terns Fish are a mam source of food, 
although any other animal material (including refuse) is generally wel- 
come A third major group is that of the auks, including the puffins, 
inurres, and guillemots They are inhabitants of the colder parts of the 
Northern Hemispliere, taking the place occupied by the penguins in tJie 
south (Tlie “jienguins” of Anatole France’s "Penguin Island” are the 
auks of English speaking peoples ) These are stockily built birds, with 
large heads and short w mgs , on land they hav e, m contrast ev en w ith their 
gull relatives, an upright pose like that of the penguins Again as m pen- 
guins, the wings are used in swimming, but in living auks flight is also pos 
sible Their food consists of fish and aquatic invertebrates, most of their 
hv'es are spent on tlie open ocean, often at great distances from the shore, 
which thev v isit only for breeding Nesting takes place m colonies, often of 
enormous size, on rocky ledges Unfortunately for them, these breeding 
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places are often accessible to man, and his depredations were responsible 
for the extinction during tbe hast century of the great auk, or garefowl, 
formerly widespread over the northern reaches of the Atlantic Ihis was 
the largest of auks, w ith an erect height of about feet, which Jiad (alone 
of the family) lost the power of flight, thus further paralleling the pen- 
guins 

Colurnhiformes — Pigeons, sand grouse Here, m contrast with the 
sprawlmgand diversified nature of the last two orders, we are dealing with 
a compact and clear cut group of birds Most are contained m the single 
family of the widespread pigeon group They are eaters of gram and fmit, 
with a well de\eloped crop for storage Most are good fl;yers, but they am 
in the majority ground dw’cllers, the young are born at a veiw* immature 
stage and nourished by a milky fluid secreted in the crop Relative im- 
munity from attack bv carnivorous mammals may be responsible for tlie 
fact that a large proportion of the species are native to Australia In North 
America the passenger pigeon was once an exceedingly common form Of 
gregarious nature, it existed m flocks of incredible size, a reliable naturalist 
estimated one flock which he saw early m the last century as consisting of 
over two billion birds With the advent of the blessings of civilization, the 
picture changed Tlie last passenger pigeon died some decades ago in the 
Cincinnati Zoological Garden 

Another famous extinct bird is tlic dodo of Mauritius in the Indian 
Ocean (a similar if smaller form was present on a neighboring island) A 
grotesque, fluffy-feathered, and stupid creature, of large si^e, the dodo was 
a member of the pigeon group which had settled down as a flightless 
ground dweller on this island where natural cnemieswereabsent Wbth tlie 
arrival of an unnatural enemy — ^man — tins fat and tasty bird was rapidly 
exterminated 

Tlie only other forms appended to the pigeon order are the sand grouse, 
small birds of Asiatic and African plains and deserts, pigeon like in techm- 
cal structural details but rather like the grouse and other game birds in 
habits 

Psttiaciforme<i — The parrots TIicsc (as was the case in the last order) 
form a clear cut group of birds, almost exclusively tropical and espcciallj 
abundant m South America and Australia Their characters are familiar — 
the powerful hooked bill, which can cope with stout shells and husks and 
other vcgcUble food materials, the large head, the compact body, and 
short legs 'Hie parrots are arboreal Ijpcs, and their feet are well adapted 
for perching and clutching, m most birds there are Uirce forwardly 
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directed toes plus a variable fourth one, usually directed backward, in par- 
rots two of the four ai c turned back, giving a firm clutch both fore and aft 

Cnciihformes — Cuckoos, turdcos 'The cuckoos, although distinguished 
by various technical characters (such as l!ie same type of foot noted m Uie 
case of the parrots) are more interesting because of the peculiar breeding 
habits of many members of the group In a typical cuckoo, a single egg is 
laid m the nest of a bird of another species, and one of the original eggs is 
removed, the young cuckoo develops rapidly, hatches, lh^o^\s out the 
other eggs, and solicits the exclusive attention of his presumably perplexed 
foster parents The turacos, or plantain eaters, African birds generally 
with brilliant plumage and handsome crests, are related to the cuckoos, 
but they raise tlieir own young 

Slngiformes — The owls Nocturnal birds of prey and mainly eaters of 
small mammals, they resemble the hawk eagle group m suchadaptivefea- 
tures as the pow erful beak and claws, but the resemblances are quite surely 
due to convergence rather than real relationship Notable m their appear- 
ance IS the position of the large eyes, which are turned directly forward, so 
that the same object is dearly seen with both eyes, as a compensation for 
the lack of lateral vision in normal pose, the neck is so built that the head 
can be swiveled around in nearly a half turn Hearing is also acute, and the 
owl's mgs arc so fashioned that its onm flight is almost soundless The 
prev IS bolted whole, the inedible bones and fur are regurgitated in pellet 
form 

Capnmuigtfonnes — Goatsuckers, nightjars, frogniouths Related to the 
owls, tlie members of tins small but widespread group of birds, known by a 
Variety of names, arc seldom seen, for they generally go about only m the 
dusk or at mglit, catclimg insects while on the wing, however, to country 
dwellers in North America, the call of one member of the group, the 
whippooiwdl, IS a familiar and pleasant sound They are medium size 
birds of compact build, short legs, and soft gray to brown plumage, tlie 
mouth has a broad gape and is surrounded by a series of long tactile 
bristles — adaptations useful in their insectivorous mode of life 

}[tcropodiformes — Swifts, hummingbirds Thrown together here bv 
ornithologists for technical anatomical reasons are two groups of birds 
which seem to have little m common excejit excellent flying ability The 
swifts are often confused with the swallows, which have much the same 
form and habits They are small birds, with long pointed \Mngs, they caj) 
lure tlieir insect food in the air and are rapid and graceful in flight and 
gliding ability The nests may be composed of bark and twigs but are al- 
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ways bound together by saliva, secreted by tJie bird, which hardens into a 
very firm cement; in some cases the entire nest is formed of this material, 
valued by the Chinese for soup-making. A North American species wliicli 
once nested in hollow trees has discovered that man-made chimneys are 
often more favorable. 

Slost remarkable of all birds in many ways are the hummingbirds with 
their brilliant coloring and unusual powers of flight, the wings beating 
with almost incredible rapidity. Although they visit flowers for nectar, 
they generally use small insects as the mainstay of their diet. These tiniest 
of avian forms are exclusively American and mainly tropical, only one 
species (the ruby-throated hummingbird) reaching the eastern United 
Slates. Very isolated in position but possibly related to swifts and hum- 
mingbirds are the colics or mouse-birds, small long-tailed birds of the 
African forests. 

Coracii/orme3, — Kingfisliers, bee-calcrs, rollers, motmots, hornbills, 
Iioopoes This is a diversified cosmopolitan assemblage of birds, mainly 
tropical in habitat. Little can be said of the group as a whole, apart from 
technical characters, except that there is a compact body, with short legs 
and a short neck, and a well-developed bill of variable shape. Nearly all are 
Old World forms. IMost familiar to those living in the Northern Temperate 
Zone are the kingfishers, with long stout bills, short weak legs, wings that 
arc short but powerful, and generally bright plumage. Tlie name is in- 
approjiriate for the family as a whole, for while the typical kingfishers live 
up to their name, many of their relatives seek small animal prey far from 
the water The bee-caters are an Old World group, mainly African, with 
long slender curved bills , their name stems from their insectivorous habits. 
The rollers arc likewise Eastern Hemisphere birds, generally with a bnl- 
Hant jdumage, and also are mainly insect-eaters; the typical rollers gen- 
erally caj)lure insects in the air, and Uie name is derivctl from the jicculiar 
re\olulions they execute while on the wing. The motmoLs of Central and 
Soutli America and the todies of the West Indies occujw much the place in 
Uie New World occupied by the rollers and bec-caler* in Uie Old World. 

Returning again to Eastern Ilciuisphere forms, tlie hornbills arc a nu- 
merous tropical group. TJicy are striking binls of large size (some reacliing 
four feet in length) w ith enormous bills and, in many ca-se*, a ith a second 
liorny structure — a ca.squc — developed al»ove the hill. Tlie nesting Iiabits 
are without parallel; the female, before laying her eggs, allows hcrscif to 
be shut up by the male hehind a mud wall in a tree cavity, where she re- 
mains until the young arc fully Hedged, being fed mc.inwlule by her mate. 
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A final small group wjtlnn the onlei is that of the Jioopocs (so called bt- 
cau-^e of their peculiar cry), small but graceful Old World birds 1 he Euro- 
pean foim has a splendid feathered crest, the bill, with avhich they probe 
the ground for grubs and insects, is \cry long, slender, and cur\ed down 
w ird 

'ihe twgons, forest birds of the tropics and {iriniarily South American, 
are small beautifully iilunioged birds, with a short but strong bill They 
are an isolated group, now frequently consideicd as forming a sep irate 
order The quezal of Central America is generally considered one of the 
most beautiful of all birds 

Ptciformes — Woodpccivcrs, barbcLs, jacamars, puffbirds, toucans, and 
honey guides Most prominent m this group are the woodpeckers, tree 
dw cllers w ith (as m tlic order as a w hole) the tw o and-tw o arrangement of 
the toes (mentioned in some earlier orders) which facilitates climbing 1 lie 
bill IS a powerful drilling organ, capable of boring deep into trees for the 
gnibs which, with adult insects, form most of llicir diet Equally remark 
able IS the \crv long iirolrusible tongue, the slender longue bones which 
support it can be withdrawn into a bone inclosed sheath which cuncs 
back, up, around the Jioad, and forward to the forehead The numerous 
barbels of the tropics are also insect caters, with shorter but stout bills 
Tile little Afric<an Iione> guides, barbet rehli\cs, gain their name from 
their habit of directing attention to the nests of bees Bills reach their ma\i- 
mum size here m the toucans of South and Central America, tlie hill is 
both deep and long and riialed for size only by that of the hombilK 
Further New ^^o^ld tropic<al members of the order arc the jacainais, with 
a rather long bill, and the puffbirds, with a shelter but stronger beak 

Passeriformes — The perching birds are last in our long hat of bird 
groups Last, but not least, for there aie included in this ordei — generan> 
considered as the most liighty eiolvcd of bird types — well o\er half of all 
liMiig birds E\er> avian form winch has not been previously mentioned 
and with which the average leader is likelv to be familiar belongs here 
In general these birds are of small to medium size Tlie term “perching 
birds” IS derived from the foot construction, in most there is a well dev el 
oped hmd toe and three forwardly directed ones, when the “sole” of the 
foot is pressed against a branch, the toes, due to the tendon arrangement, 
automatically assume a clutching position 

This great older can be divided into a number of relatively pnmitive 
groups and a much larger and still more advanced series, the songbirds 
The moie primitive forms are almost exclusively tropical and are particu- 
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larly abundant in South America, a continent poor in songbirds. They in- 
clude, among many others, tlie broadbilb, antbirds, ovenbirds, manakins, 
and cotlngas; the tyrant flycatchers of America, honever, have northern 
representatives, such as the kin^ircl and phoebe. 

Any attempt at discussion or even enumeration of the some four thou- 
sand songbirds of the woild would be far, far beyond the scope of a book 
of this sort. A recent review has attempted to gatlier the songbirds into 
some eleven assemblages, which we shall list: (1) the larks, which are 
generally considered relatively primitive members of the group; (2) the 
swallows, (3) the bulbuls and related Old World forms; (4) primitive in- 
sect-eaters such as the Old World flycatcliers, tlic warblers, thrushes, 
mockingbirds, thrashers, hedge sparrows, wagtails, and pipits; (5) the 
shrikes, mainly Old World birds, an offshoot of the last group; (6) the 
waxwings and a few tropical relatives; (7) the creepers, nuthatclies, tit- 
mice, and chickadees — forms primarily of Old World origin, which may 
hav'e evolved from generali 2 ed insect-eaters; (8) Old World tropical nec- 
tar-eaters, such as the sunbirds, while-eyes, and Australian honey eaters; 
(0) a primarily American group, including vireos, honey creepers, wood 
warblers, tanagers, grosbeaks, finches, buntings, American sparrows, chaf- 
finches, linnets, American blackbirds; (10) a somewhat comparable Old 
World series including the starlings, Old World orioles, and tiie large 
weaverbird family, of wiiich the Old World sparrows and the waxbirds arc 
members; and (11) the large and somber crows and ravens and various 
crowlike birds of the Australian region, among which, amazingly, the mag- 
nificent birds of paradise of New Guinea and adjacent regions are defi- 
nitely placed. 

BIRO MIGRATION 

Most terrestrial animals spend tJieir entire lives in Uie regions in wliicli 
they were born. But birds can, and often do, migrate seasonally from one 
region to another. Although periiaps not over 20 per cent of bird s{>ccicv 
make major migratory inov'emenls, most birds do move from one area to 
another to some extent. For birds of warmer regions, movements may be 
related to wet or diy seasons, to abundance of food in different areas at 
different times. Even in temijcratc zones, movements may be simply be- 
tween higher and lovver altitudes- Most interesting and most studied, how- 
ever, are the seasonal norlh-and-'^outh movements of bird pojmlalions 
which frequent the colder life zones. Tlicse arc mainly Northern Hemi- 
sphere forms, since the southern continents <lo not extend as far from the 
Equator as the northern ones. Little is known as to the nature of the 
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stimulus which initiates migration in the case of forms which migrate 
within the warmer regions of the globe where the length of days are nearly 
uniform But as regards birds which move between northern regions with 
short winter days and southern ones with longer hours of daylight, the 
stimulus IS know n in certain cases, at least Migrations are associated with 
breeding habits and hence with the state of the reproductive organs, con- 
trolled by the major gland of internal secretion, the pituitary gland, situ- 
ated at the base of the brain And tins gland is influenced by the amount 
of light received by the eyes Length of daylight is thus, through a se- 
quence of events, the primary initiating influence in migration between 
colder and warmer regions 

Aligration may take the form of a simple north south drift over a re- 
stricted region in the fall and acorresponding shift back, to the north m the 
spring Often, however, the route followed is a definite one — and a long 
one Many European birds fly to and from Africa over definite “flyw aj s,” 
and similarly many American forms follow an Atlantic coast route to 
Florida, thence across the Caribbean to South America, or fartlier west 
they follow the land chain via Central ,<Vjnenca Some of the routes fol- 
lowed necessitate excellent navigation For examjile, the Alaskan golden 
plover in autumn sets its course southward over three thousand miles of 
open ocean to the Hawaiian Islands on its wav to the South Seas A 
deviation of a few degrees would cause it to miss its goal, how does it set 
so straight a course* 

The more common Amencan golden plover follows a more compheated 
route After a June nesting season on the \rctic shores of northwestern 
Canada, the adult birds fly cast to spend the early autumn in Labrador 
Then, turning southward, they lake a straight course from New foundland 
and Nova Scotia to Venezuela, never normally touching land unless driven 
off their course by storms A further, more leisurely, migration carries 
them farther south to center in the Paraguay region by the tune winter 
has arrived in the North 

Possibly a bird might learn such a route by followmg his elders But 
what of the newly liatched young* They are left behind m the Arctic, 
there is no one to guide them A month later they leave and follow tlie 
same comiihcated route east to Labrador, south over the ocean to the 
Orinoco, and, finally, after some six tliousand miles of travel over lands 
and seas they had never seen, they rejoin the older birds in their wintering 
region Wiy and how do they do this, all untaught* Does each germ cell of 
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the golden plover carry within its tiny nucleus a marked flying chart of the 
Western Hemisphere? 

Homing. — The acute geographical sense of birds is shown in the study of 
homing. It is a matter of common knowledge that many birds are able to 
return to their nests even if removed to a considerable distance; the hom- 
ing pigeon is a familiar example of lliis, and all birds which have been in- 
vestigated exliibit the lioming instinct to a greater or lesser degree. Of 
course, not all birds taken far from their nests return; some may be in poor 
condition and unable to make the flight; others may become victims of 
enemies or of storms; others possibly may not strongly feel the "urge” to 
return even if capable of doing so. But a remarkably large percentage do 
return, and may return rather promptly. 

How this is accomplished is, to a considerable degree, a scientific mys- 
tery. A bird may be taught a route, as is the case in training homing 
pigeons; even if taken over it only once, the bird might pick U]) enough 
visual landmarks. But vision can be eliminated as a necessary feature. 
Birds can still return if carried away blindfolded or if transported by sea, 
aSi for example, terns taken by boat from Key West across the entire Gulf 
of Mexico to Galveston. PerJiaps, one might suggest, llie bird can, in de- 
fault of vision, be able to keep track of Uie direction in which it is travel- 
ing, just as a man can to a degree maintain his orientation when traveling 
at night by keeping account of the turns of the road. But this possibility 
has been climinaled by carrying birds long distances (as Berlin to Frank- 
fort on tlie Main) strapped to a revolving pljonograph turntable. Sucli 
birds, apart from a touch of understandable dizziness, appeared to be 
quite undismayed and promptly set off in search of their home — to w hich a 
fair projiGrtion returned. 

A considerable fraction of tlie known results may he interpreted in 
sim{>Ie fashion as the result of random search. For example, in some recent 
exjieriments birds taken far from the nest and released were followed for 
some time by airplane. Those which reached home did not immediately 
start to fly in the proper direction; wandering over a spiral or zigzag 
course, they appeared to eventually reach an area already known. But 
there are cases in wliich released birds almost immediately set off in the 
correct direction over unknown terriloiy. 

In these last cases simple c\))lanatioiis fail. Some have suggested that 
birds “feel” forces beyond the power of the nonnal senses. For examiile, 
tile rotation of the earth would cause a small increase or decrease in a 
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bird’s weight, according to the direclxon of flight, and would cause a very 
small deviation in direction as well, thus giving clues as to position But 
the effects arc so slight tliat it seems incredible that they could be felt by a 
flying bird Again, the strengtli, direction, and dip of the earth’s magnetic 
force differ from point to jioint over the earth’s suiface, and it has been 
suggested that a bird’s homing is influenced by an attempt to seek out Uie 
place where these forces are found m a combination familiar to the indi- 
vidual But we know of no sensory organ of a bird’s body which could be 
receptive to magnetic forces Some years ago a psychologist wishing to do 
moreivork on this pioblcm applied for financial support to a fund designed 
for the investigation of psychic phenomena Such phenomena, it was de- 
creed, were to be defined as those beyond the realm of the known senses 
The investigator argued that the homing instinct was m tins category as 
surely as anything he knew of* His request was refused, but his argument 
seems to us a reasonable one 
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The Origin of Mammals 

^Ve now retrace our steps from a consideration of the great 
dynasties of the Age of Reptiles and of the dinosaurs’ avian cousins to the 
origin of our own closer relatives. Man is a mammal, member of a great 
group which includes almost all the larger animals inhabiting tlie surface 
of the earth (to say nothing of the whales and seals of the seas, the bats in 
the air) 

MAMMAL CHARACTERS 

Reproduction. — The name indicates one of the features of the group. 
Mammals nurse their young. Postnatal care of the young is unusual in 
looser vertebrates but common in birds and mammals, highest of back- 
boned animals In addition, none but the most primitive of mammals lays 
eggs, all others bear their young alive, and in most there is a uell-devel- 
oped mechanism for the nourishment of the unborn young within the 
mother’s body. Tliese features seem to be associated with a high degree of 
organization of the mammaJ body, for the deveJopnjcnt of whieJi there is 
needed a considerable period of growUi. 

Warm blood. — Mammals, like birds, arc warm-blooded forms; a high 
body temperature is maintained Hair and sweat glands are jicculiar mam- 
malian features associated with temperature regulation, and there is a 
highly developed breathing mechanism wliich is in constant use. In addi- 
tion there is a very efficient circulatory system with a complete separation 
of aerated and impure blood streams. The heart (pp. 121, 124) is a double- 
barreled, four-chambered organ, as in birds (but not in reptiles), ^\^th 
blood on one side in transit from Uie body to the lungs; on the other, from 
the lungs to the body. 

Brains.— The brain of reptiles is a relatively tiny structure tucked au.ny 
in a sm.*!!! braincase centrally situated toaard the kick of the skull. The 
brnin of mammals, even the most stupid of them, has enlarged cnor- 
moudy. Most parts of the brain }ia\e, however, rcmaincil fairly constant 
in size. It ia in the cerebral hemispheres, originally sm.ill structures <lcdi- 
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cated to the sense of smell, 
that almost all the growth 
has taken place. Here there 
ha\ e arisen higher brain cen- 
ters wliich hav’^e placed the 
mammals as a group far 
above any other vertebrate 
stock in their degree of men- 
ial development. In birds, 
too, we noted a great ev- 
jjansion of the hemisi)heres. 
Tliere, however, the in- 
creased size w as due to 
growtli of structures lying 
deep within the hemispheres, 
the striate bodies — eorjjora 
striata — which presumably 
are responsible for the com- 
plex but mainly instinctive 
behavior patterns of birds. 
Mammals have these struc- 
tures, but their important 
advance has been an increase 
in size and complexity of the 
surface areas of the hemh>- 
plieres, the “gray matter,” 
tlie cerebral cortex. Here, in 
mammals, are received all 
sensory impressions, which 
may be stored as memories, 


Brains of a reptile, a bird, an aicbaie tnamosal, and a progressise maismal In reptiles, the cerebral 
hemispheres are relatively unimportant, and the optK lobes of the midbrainare (as in frogs) jn control 
of the animal s “higher ’ actmties In birds., the cerebrum w large, but there is little "graj matter” 
on the surface, the centers important for control of behavior patterns are concealed m the “striate 
bodies” in the interior of the cerebrum In pnmiUve mammals the low er part of the cerebrum — below 
the prominent tissue seen in the figure — is still mainly connected, as in loner vertebrates, «ilh the 
sense of smell, but the upper portion has a surface covem^ of gray matter (“the neopalhum”), 
which IS the seat of higher faculties, the optic lobes are reduced m size and importance (and are not 
visible on tbe brain surface) In more advanced mammals the olfactory parts of the cerebral hemi- 
spheres are small and confined to the lowest part of these structures, whereas the surface, housing 
higher centers, is greatly increased by folds ("convolutions' ) 
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and here, on receipt of new sensory information, judgments are made (w ith 
the aid of memories of past exiieriences) as to what action shouid be taken. 
Here, then, is a structure in wliich learning and training can be accom- 
plished as the result of “thought”; here is the realm of human conscious- 
ness. 

Later on — particularly in the case of apes and primitive human types — 
we may cite figures of brain size in various forms, with more or Icss the 
implication that these figures are an index to intelligence. In default of 
anything better, such citations are permissible, but their meaning is very 
limited. Actually, intelligence in a mammal is not a matter of Uie whole 
bulk of the brain but of the sheet of gray matter spread over tlie surface of 
the hemispheres. In two animals with the same total brain volume, this 
cerebral cortex may have a much bigger area in one than in the other if 
(as in man) the surface Is greatly folded (“convoluted”); further, in the 
gray matter are layers of countless millions of nerve cells, interconnected 
in complex fashion, and it is clear that tlie degree of intelligence is to some 
extent correlated with the degree of complexity of this marvelous struc- 
ture and not merely its area. Further, brains vary more or less with the 
size of the animal, and bigger forms have bigger brains than small rela- 
tives. We sometimes find cited as a supposed index of intelligence the ratio 
of brain size to body size. But in any group of related forms w*e find that, 
while the brain is actually somewhat larger in a big animal, it does not 
grow proportionately to the size of the body. If this index were valid, it 
would seem to prove that a small monkey is smarter than a man — a con- 
clusion with which we may disagree without conceit. All in all, then, brain- 
size figures are useful — but beware! 

Skull. — The skull and head of mammals is a very different structure 
from that of reptiles. iMany of the reptile bones hav'e been lost, and the 
median eye no longer functions. The ariginally solid temporal region has 
been^uerced for the accommodation of the jaw’ muscles, leaving a bar, or 
arch, at the edge of the cheek region; the braincase has swollen out enor- 
mously to accommodate the expanding brain. The skull of reptiles joins 
the backbone by a single, round, bony knob, or condyle; in mammals a 
pair of condyles is present. In reptiles (except the crocodiles) the nostrils 
generally open into the front of tire mouUr. In mammals tlicre has de\ el- 
oped a secondary palate, a bony partition which separates nasal and food 
passages back to the throat. Tlris is a feature of importance in forms in 
which constant breathing is a vital necessity. In reptiles tlierc arc nor- 
mally some seven bones in tlie lower jaw; wc mammals ha\ c but one (Uie 
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dentary), and tins articulates w ith a different bone on the side of the skull, 
the squamosal Our whole ]aw joint has changed 
Teeth — The dentition of inammak has become greatly modified Loner 
vertebrates have an indefinite amount of tooth replacement, mammals 
have but two sets of teeth, “milk” and permanent The tcetli of primitive 
vertebrates were usually of about Uic same shape in different parts of the 
jaw, in mammals the various parts of the tooth row arc highly differenti- 
ated There %\as some early variation, but in the ancestors of the higher 
mammals the dentition came to be made up of three sharp nipping teeth, 
or incisors, at the front of each half of each jan , a single large, stout, pierc 
mg tusk, the canine, four premolar teeth behind this m the front of the 
check region, and three grinders, the molars Thts gives a total of forty 



Tbe teeth of a generalized mamoial {pruo tiie pbcenUl) Men from ihe nglit side 1, deciluous 
( milk ) teeth consisting of incisors (di) canines (4c) and milk mobrs (dm) li permBoenl teeth 
including incisors (i) canines (c) and premobrs (;•) replacing Uic milk teeth and m addition the 
permanent mobrs (m) 

four teeth ’Most mammals have lost some of this set of teeth (^\e have, 
e g , but thirty two) few have exceeded this number This tjTie of denti 
tion IS one suitable for a carnivore, and the ancestry of all the mammals 
lies through a long line of flesh eating tj pes 

Ears — In reptiles the eardrum lies almost at the surface, near the back 
of the jaws m mammals it is deeply sunk m a tube, and an external ear 
flap for the concentration of sound waves has made its appearance In 
reptiles there is but one small ossicle, the stapes, for the transmission of 
sound from drum to inner ear m mammals there are three The two new 
ossicles have been derived from the old reptile jaw joint, abandoned for a 
new jaw articulation m mammals 

Locomotion in mammals — Me have discussed the cumbersome, wad- 
dling type of w alking common to all primitive land animals and noted how 
the ruling reptiles solved the problem ’ of fast movement by taking to a 
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bipedal mode of life. Our ancestors also came to a successful solution but 
in quite another way. All four limbs were retained but swung around into 
a fore-and-aft position, the knees brought forward, the elbows back. In 
this mammalian pose, we have a much more efficient sort of apparatus 
than the primitive one. In an early reptile type much of the energy ex- 
pended was used to keep the body from collapsing on the limbs; here all 
the muscles can be used for straightaway forward propulsion. This change 
in posture has been accompanied by many changes in the bones and mus- 
cles of the limbs, of which we will note but one feature here. In primitive 
reptiles the count of the toe ]oinls was, from the inner toe out, 2-3-4'5'S; 
in mammals the middle fingers have shortened up, giving a count of 
2-3-3-3-3. 

In reptiles the inner toe in either front or hind foot is short and not re- 
markable in any way. In mammals, on the contrary, they were originally 
stout structures, diverging from the other four digits as “thumb” and “big 
toe ” These toes are retained in Uiis specialized form in monkeys and a])es, 
and in man the thumb, at any rale, is very higlily developed. They are 
useful to monkeys for gaming a grasp on a limb, and their presence in 
primitive mammals has suggested that the ancestral forms were arboreal 
in habit. In terrestrial mammals (as is readily observed by looking at the 
family dog or cat) these digits, relatively useless on tlie ground, are usually 
reduced or lost. 

Action. — If we attempt to evaluate the meaning of all the features in the 
structure of mammals which disUngubh them from reptiles, we may per- 
haps sum it up m one w’ord — activity. The ancestors of the mammals w ere 
carnivores, leading lives in whicli speedy locomotion was a necessity. The 
limb development has gi\en effectiveness to this potential activity. Brain 
growth has given it intelligent direction. The maintenance of a high body 
temperature and tlie various changes associated witli tliis are related to 
tile need of a continuous supply of energy in animals leading a constantly 
active life. Even the improvements in reproductive habits, which are a 
prominent feature of mammalian development, seem related to tlie needs 
for a slow maturation of the complex incchanbms (particularly Uic brain) 
upon which Uie successful pursuit of an alert and active life depends. 

OUR REPTILIAN ANCESTORS 

We might at first imagine that the evolution of such a highly developed 
group as the mammals would have been a late feature in reptilian history. 
Thb, however, is exactly the reverse of tlie case. The reptilian stem from 
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which the mammals sprang was one of the first differentiated from the 
primitive reptile stock; and the first mammals themselves appeared nearly 
as early as the first of the dinosaurs. 

Pelycosaurs. — A first stage in the differentiation of mammals from other 
reptile stocks is that of the pelycosaurs, well represented by fossils in the 
Texas redbeds. These beds date from the late Carboniferous and Lower 
Permian, a time when the stem reptiles still flourished and ruling reptiles 
were unheard of. Among the pelycosaurs were all the dominant carnivores 
of the day (as well as a herbivorous side branch). In many features they 
still had not departed far from the primitive reptile stock, and some forms 
(such as Opkiacodon, figured here) were so primitive that they appear not 
to have fully emerged from the ancestral waters and were still mainly 
aquatic fish-eaters. Pelycosaurs were more slim in build than the average 
stem reptile, but the limbs still sprawled out at the sides in primitive fash- 
ion Definite indications that we have here the first approach to mammal 
structure are seen in the skull. In the dentition we find, instead of a uni- 
form tooth row, a few front teeth comparable to incisors, large canines 
(usually two), and back of them, a series of cheek teeth corresponding to 
mammalian molars and premolars. Still more distinctive is the cheek re- 
gion. There is a lateral temporal opening, with a bar of bone below it cor- 
responding to the arch at the lower margin of a mammal skull. 

Some of the more generalized types were rather lizard-like in appearance 
although not in structure. Others, such as Dimetrodon and Edaphosaurus, 
were remarkably specialized. These odd forms (the former, illustrated 
early in this book, the most common carnivore of tlie Permian) had long 
spines growing out from the back, supporting a sail-like flap of skin. Vari- 
ous speculations have been made as to the possible function of this curious 
structure. The original describer jocularly suggested that the animal used 
it to go sailing on the lake. This is as good a theory as certain others that 
were brought forth, such as that the spines simulated the rushes among 
which Dimetrodon lay in wait for its prey. (The reply to this, of course, is 
that the animal would be still better concealed if the spines n ere sawed off 
and he would be completely hidden ) The correct solution seems to be tliat 
the sail was a first crude attempt at a heat-regulating device. Here was a 
broad area of skin, richly supplied, we are confident, with blood vessels. 
If exposed broadside to the sunshine, it would rapidly warm the body; 
turning endwise to the light or moving into shade would stop the process. 
Cutting down the blood supply — and hence “blanching” the skin — would 
conserve heat, and conversely, if the animal were overheated, opening 
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wide the blood flow to the sail would turn it into an excellent radiator. 
This adaptation was successful for the time but was later abandoned in 
favor of less spectacular regulating devices, and tlie ancestors of more pro- 
gressive forms were peJycosaurs with more normal body contours. 

Therapsids. — In the Karroo beds of South Africa, dating from the later 
Permian and Triassic, we find Uiat the most common of animals ^ere 
mammal-like rei>tiles descended from the pelycosaurs and termed theraj)- 
sids, in reference to the mammal-like build of their temporal arch. Close 
to the main line of evolution of the group and far along toward the mam- 
malian condition Vrere a number of aggressive flesh-eaters whose skull and 
body structures are illustrated here. In advanced forms the skull was in- 
termediate in type between that of a 
primitive reptile and a mammal; many 
of the bones absent in mammals n ere on 
their way toward reduction or were al- 
ready lost. A small third eye was still 
generally present on the top of the 
skull, but its opening was a tiny one. 
The brain cavity was still small, and the 
brain was still presumably reptilian in 
type. In the jaw all the original elements 
were still present, but the dentary — 
the only jaw element retained in mam- 
mals — was far larger tlian the other 
bones. The old single condyle, j’oining 
skull with backbone, had been replaced 
by a double one, and in tlie roof of the mouth a secondary palate had de\ el- 
oped, just as in mammals The teeth, too, were approaching mammalian 
conditions There was already a differentiation into incisors, single stout 
canines, and cheek teeth which were sometimes cusped instead of being 
primitive reptilian cones. In the ear, however, there was still but a single 
auditory bone for sound transmission. 

ilarkedly changed, too, were the limbs These had already shifted far 
toward their fore-and-aft mammalian position, and the bones were already 
much modified to meet the new conditions In many of these forms the 
count of the toe joints was still that of primitive reptiles, but in some cases 
the j’oints which were destined to be lost were tiny, and instill other mam- 
mai'Iike forms the number had been reduced to that of mammals. 

These therapsids were thus very advanced, mammal-like forms in most 



A Mde view of the skull and jana of a 
therapsid from South Africa In many ways 
thu reptJe skull approaches that of mam- 
mals, with a large single opening in the 
temple region, the loner jawbones reduced 
except for the single tooth bearing bone 
(dentary), exclusue ui mammals, and a 
dentition divided into incisota, large 
canine teeth, and cusped cheek teeth 



A mamma) lika raplils 
The thcrapsids are impor 
tant as the stock from 
^hich all later mammals 
were derived Left side 
and top views of the skcle 
ton of Lycaenops a topical 
tberapsid from the late Per- 
mian of South Africa be 
low a restoration by John 
C Germann under the di 
reetjon of Edwin H Col 
bert The skeleton shows 
mamma] like features of the 
skull and well-developed 
limbs adapted to a fast 
four footed gait, contrast 
mg with the sprawling pose 
of lizards and primitive rep 
tiles (Photographs courtesy 
of the American Museum of 
Natural ILstory ) 




South Af nttt in 7tie$tie doyi A ZDOjonty ot our 6nds of niomma) like reptiles iia^e been made in the 
rocks of the Karroo Desert of Soulii Africa Above a restoration by Charles It Knight (in the Chicago 
Natural Hutory Museum) of a scene m South Africa m early Tnassic days A large and ponderous 
dicynodont a herbivore ts being attacked by a pack of its carnivorous cousins related to £j/caenop«, 
shown overpage 

An ancient mammal |aw Mammals from the tge of Reptiles 
are known from very fragmentary materials such as the jaw 
shown here somenhat enlarged It consists of a s ngle bone m 
contrast to the several bones making up the reptil an lower jaw 
These older mammals were almost universally of tmy size in 
strong contrastw ilh the contemporary giant reptiles ( Uter Simp- 
son ) 




Triconodonfs Largest of Mesozoic 
mammals these sometimes reached 
the (relatively) gigantic size of a kit 
ten and hence w ere not confined to a 
diet of insects worms and grubs but 
could (as suggested by the restora- 
tion at the left) attack small reptilian 
contemporaries (From the Zf/ustroird 
London News ) 

Such restorations are highly specu 
lative since we have no complete 
skeletons and must infer non bony 
traits in any case But we do know 
that when the giant reptiles died out 
highly evolved mammal forms sud 
denly came forth 
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of Uieir skeletal parts. But what of the other features of soft anatomy 
which are so important in mammal development? Were these animals al> 
ready warm-blooded? Had they hair or scales? Did they nurse their 
young? We cannot, of course, give any positive answer to these questions. 
But the general progress shown in the skeleton suggests similar advances 
in other respects; the development of a secondary palate, so useful in a 
warm-blooded animal, appears significant. We arbitrarily group the 
therapsids as reptiles (we have to draw a line somewhere), but were 
they alive, a typical therapsid probably would seem to us an odd cross 
between a lizard and a dog, a transitional type between two great groups 
of backboned animals. 



The Utt hind (c«t of mammal like reptiles (pel>cosaurs. therapsids) and of a primitive mammal 
(the opoasum) to show the change in number of toe joints In pnmitiv e reptiles the count of joints 
in the successive toes, from, the * big loo’* out (not including the long bones in the sole of the fool), 
was, in order, 2-3~4-5-S (or 4) In primitive mammaU (as m ourselves) the count is 2-3-3-3-3 
^Ytlbin the therapsid group the change to the mammalian count occurs, the prunitiv e form illustrated 
has the reptile count, but in toes III and IV the "extra” joints are reduced to nubbins 

There were many variants among the mammal-like reptiles in these 
Karroo beds of South Africa. Some were still not far from the pelycosaur 
pattern; others were even more mammal-likc in some respects Uian the 
dog-jawed reptile described above. jMany were far off the main line, as, for 
example, the dicynodonts (‘Tw’o-tuskers”), lumbering plant-eating forms 
which flourished greatly for the time but eventually became extinct with- 
out leaving descendants. 

If the reader has followed through the line of descent of mammals and 
man to tliis point and continues it onward later in this chapter toward ad- 
vanced mammals, he will be struck by one disturbing tliemo winch runs 
llirough Uie entire story from Uie jawed-fish stage onward. This is Uie fact 
that tlie entire line of descent is, without exception, one of predatory flcsh- 
eaters. The fish ancestors of land vertebrates preyed upon tlieir fellow 
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fish, and the early amphibians had the same diet Our early repble ances- 
tors likewise ate animal food, among the pelycosaurs and therapsids were 
tlie dominant and most bloodthirsty animals of their day The progressive 
line of mammal evolution continued through forms that were at least 
would be carnivores, although, as we shall see, many were too small to 
tackle larger prey than insects All along the senes we see side branches 
developing as herbivores which (like the dicynodonts) llourished greatly — 
but then died out, while their flesh eating relatives survived Is there a 
moral to tins story’ Let us not draw one, for if so, it would appear to 
support the doctrines of such characters as Nietzsche or the late and unla- 
mented Hitler 

The mammal like forms were the commonest of reptiles during the later 
Permian and the early Triassic But during the latter period occurred the 
development of the ruling reptiles The archosaurs soon crowded the mam 
mal like reptiles out, and they disappeared at the end of this, the first 
period of the Age of Reptiles The> were, however, destined to hve on m 
their mammalian descendants for the first faint traces of mammals appear 
in rocks of late Tnassic age, and primitive mammals continued to be pres 
ent throughout the ^lesozoic as obscure contemporaries of the great 
dinosaurs 

EGG-LAYING MAMMALS 

A primitive stage m mammal development is that represented today by 
two curious Australian types, the platypus (Ormfhorhynchus) and the 
spiny anteater (Echidna) These are very highly specialized creature!., 
leadmg specialized lives Both are toothless as adults (the young platypus 
has a few tooth rudiments) The platypus is a good swimmer, being mainly 
a stream dweller, but also a good digger, nesting m burrows m the banks 
The absence of teeth is compensated for by the development of a broad 
horny bill The anteater is protected by a stout spiny covering, comparable 
to that of the hedgehog in relation to its anteatmg habits there are pow er- 
ful digging feet and a long slim snout Both forms are certainly mammals, 
bavung fur and nursing their young But there are many primitiv e reptilian 
features the most conspicuous and important is the fact that they still lay 
eggs m reptilian fashion' 

These animals thus represent the most primitive, the most reptilian, 
stage m the development of mammals It is unfortunate that they are so 
highly specialized m their mode of life, for the egglajmg ancestors of 
higher mammals were certainly neither platj^iuses nor anteaters, and the 
lack of teeth (the most frequently preserved parts in fossil mammals) ren 
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ders it difficult to compare them with extinct forms. It is probable, how* 
ever, tliat most of the mammals of even jMesozoic days had already aban* 
doned eggJaying habits and bore their young alive and tliat tliese curious 
living types have had a separate line of ancestry since the earliest (Trias- 
sic) days of mammalian history. And it is even possible that in the future a 
more adequate knowledge of the fossil record will show that they diverged 
still lower down the family tree, in tlie therapsid stage. 

The preservation to modem times of archaic animals of any sort is 
usually attributable to isolation. An imimal may attain isolation geo- 
graphically, or it may become i^oIated by taking up a mode of life in which 
there is little competition. Both factors have operated to save these odd 
mammals. Their mode of life is extraordinary, in the proper sense of the 
term; and m Australia they are in a region in which most of the other mam- 
mals also are of a comparatively unprogressive type 

PRIMITIVE MAMMALS OF THE AGE OF REPTILES 

With the exception of these egg-laying forms, all e.xisting mammals bear 
their young alive; the egg Ls retained inside the mother’s body, giving it 
additional protection Bigger, if fewer, offspring seems to have been the 
mammalian trend — “quality, not quantity ’’ It is probable that this stage 
had been attained by the characterbtic mammal groups of the Jurassic 
and Cretaceous. These Mesozoic mammals, contemporaries of the great 
dinosaurs, are poorly known For the length of the Jurassic and Cre- 
taceous, a period estimated at about eighty miifions of years, viC know of 
mammals not one whole skeleton, and (until near the close of tlie Age of 
Ileptiles) not even a complete skull. Our knowledge of these forms is 
gained almost entirely from teeth and jaws, and even these arc quite rare. 
1 strongly suspect that if all the kiiow'n specimens of little Mesozoic mam- 
mals were brought together, they nould fit comfortably inside an old- 
fashioned derby hat. 

Typic.!) Mesozoic mammals were, on tlic average, no bigger than a rat 
or mouse and may liaNe resembled these living forms in general appear- 
ance (although not in structure), llieir teeth were sharp; they were seem- 
ingly flesh-eaters in their tendencies, as had been their reptilian ancestors, 
but most of them were too small to attack other vertebrates. Prob.ibly 
insects and worms were their main diet, supplemented by buds, eggs, and 
whatever came to hand. Their brains, as far as can be told, were still poor 
by modem mammalian standards but showed great improvement over 
those of reptiles. Presumably these forms were vciy inconspicuous in their 
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habits, dwelling in wooded or bushy regions. There are suggestive features 
indicating a tree-dwelling life, and, as is the case with many mammals 
today, they may have been nocturnal. Inconspicuous and small they had 
to remain, for, as contemporaries of the dinosaurs, the threat of death from 
the great carnivorous reptiles lay constantly over them. 

But this long period of “trial and tribulation" was not altogether dis- 
advantageous. It was, it would seem, a period of training during which 
mammalian characters were being perfected, wits sharpened. As a result, 
when, at the close of the Cretaceous, the great reptiles finally died out and 
the w'orld was left bare for newer types of life, higher mammals, prepared 
to take the leading place in tJie evolutionary drama, had already cvolv’ed. 

THE AGE OF MAMMALS 

In our study of mammals wc shall have much to say of the sequence of 
appearance of various forms To do this satisfactorily, it is neccssaiy to 
know something of the geologic timetable of the Cenozoic era, the Age of 
Mammals. We may regard this era as including two periods, Tertiary and 
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Quaternary, the latter short and reaching to modern times. These periods 
are subdivided to form seven epochs, which are indicated on the accom- 
panying table. In the older epochs the mammals were mainly of archaic 
kinds, gradually giving place to the ancestors of the existing types. In the 
later epochs of the Tertiary there is considerable evidence of a gradual 
coolmg of the North Temperate regions. This cooling culminated in the 
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Pleistocene Ice Age in which portions of Europe and North America were 
several times covered with great glacial sheets of ice. 

POUCHED MAMMALS 

In the late Cretaceous beds we find that the evolution of mammals dur- 
ing the reign of the dinosaurs had already resulted in the development of 
the two great living groups of mammals — the marsupials and placentals. 

Opossums. — Of these two groups the marsupials, or pouched mammals, 
are the more primitive and were the more abundant in the last days of the 
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A ‘'family tree” of the lower mammal groups (From Romer, Tkt VerUbrale Body, \\ B Saunden 
Company) 

dinosaurs. The living opossum is a typical marsupial, and in habits and 
many structures it seems to be \ery similar to the ilesozoic mammals. 
The mammal egg contains little yolk for the embryo to use in its grouth, 
and, when mammals began to bear their young alive, there was no satis- 
factory mechanism by which the moUicr could supply nourishment to the 
unborn young within her. In consequence, tlie j oung w ere surely born at a 
\ery tiny and immature stage of development. In marsupials for the most 
part, this situation still exists; in the opossum, for example, tlie young arc 
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born only eight diys after the egg ib fertilized In marsupials the mother’s 
ttomb secretes a milky fluid whicli can be absorbed by the embryo, and 
theie may be a connection between the embryo’s empty yolk sac and the 
maternal tissue, through which some food materials can reach the young 
from the mother’s blood stream These methods of nutrition, however, are 


generallj rather unsatisfactory 

In our own case ])rennturely bom babies are reared in an incubator, 
most marsupials haveevohed a substitute in the pouch, or “marsupium,” 
from which the group takes its name The tiny, seemingly helpless mar- 
supial baby crawls up the inotber’s body and gams entrance to the pouch 
oil the bellj of the mother lieic it finds shelter and warmth , here, too, are 
the mother’s teats from which it gams 
\ 49^ y nourishment to grow to a stage where 

It is read} to face the world Xs well as 
being small m size and exceedingly un- 
young marsupial has very 
' different proportions from those of the 
adult The one act that the newborn 
tSjp animal has to jierform— or die — Js to 

make the upward climb to the pouch, 
litg/i % ne wborn opo«uni oom(>»r^ and much of tlic energy of the embryo, m 


/iig/i % ne wborn opo«uni ooi»(>»r^ and much of tlic energy of the embryo, m 

nith n honevbce to slio v it« ttn> site m , , , , . , . 1 

cond.iion at birth » very ..nnuiure but bme atailabJc, ts devoted to de- 

the arms are ucll (le^eIopcd to enable vcloping good front IcgS that Will serve 


u to climb up into the mother* pouch function In such a marsupial as 

McOran'lIilO <£>«f*csy (fig Aangaroo, for example, the adult has 


small front legs, very long and power- 
ful hind ones the fresh born kangaroo baby has good front lunbs, while 
development of the hind legs has scarcely begun 

There were numerous jwuched mammals present m the last da}s of 
dinosaur supremacy, animals much like the living opossum m build but 
mamlv of much smaller size At the dawn of the Age of Mammals tlie 


opossiirns were widespiead oxer the earlb In most regions, however, 
marsupials made little progress, for the} were accompanied by higher 
mammal types which rapidly supplanted them In two regions, however, 
they had better luck 

South American marsupials — The continent of South America is now 
connected with the rest of the world by only the narrow Isthmus of 
Panama This connection appears to have been broken at the dawn of tlie 
Age of Mammals and did not re form until a very late stage of Cenozoic 
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Egg>Iaying mammals. The two types which still survive in the Australian region. I^ft, the plalj'pus (Orni- 
lAorhynchui), an amphibious animal with a homy bill and webbed feet. Right, the spiny antealcr, with 
spinelike hair and a long beak, adapted to termite-eating. Thb animal is a powerful digger; the specimen 
shown (from New Guinea) was able to dig down vertically and bury iUell in about one minute. {Orni- 
thorhynehua photograph courtesy New York Zoological Society; Zagl^sua photograph by S. D. llipley.) 


Pouched mammals. The Ameri- 
can opossums are the most prim- 
itive of living marsupials, but 
the group survives mainly in 
Australia. On this page and the 
two next following are shown a 
few of the many specialized 
pouched forms of that continent. 


The Tasmonian wolf. An ani- 
mal which in its habits and al- 
most every major structural fea- 
ture parallels closely the wolves 
of other continents but which, 
nevertheless, is a true pouched 
mammal. (From a painting by 
Charles U. Knight; photograph 
courtesy American Museum of 
Natural History, New York.) 
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The rabbit-eared bandicoot, 
Bandicoots resemble rabbits in I 
their large cars, hopping gait, • 
and the ability to dig holes; but | 
they have a long nose, long tail, i 
and are insect-eaters rather than ’ 
vegetarians. (Photograph cour- ; 
tesy New York Zoological So- ^ 








Morsupial mothers and young ALoce left anallaby «itha youngster still mtbepoucli Tight aitombot 
and its partly grown offspnng The wat]ab>s belong to the kangaroo family The wombat is a herbi\ orous 
form which IS m many wa>s the marsupial other number of the American woodchuck with rather simi 
lar dentition and habits (riiotographs courtesy New York Zoological Society ) 


Giant Pleistocene marsupials The Ice kge seems to have been the time when mammals reached peak 
size In Australia there were numerous giant marsup ats m the Pleistocene Two are shown below a giant 
kangaroo which may have stood 10 feet high in life and Dtprofodon an extinct relative of Uie wombat but 
as large as a rhinoceros (From a mural by Charles It Knight pliotograph courtesy Chicago Natural 
History Museum ) 



Flying phalanger The Vustralian phalangers arc 
pouched mammals resembling squirrels a flying form 
(ri^^O has parachute folds of skin at the sides of the 
body like those of the true flying squirrel 

The koala {below) This Australian animal is frequently 
termed a native bear In size hQwe\er it is com 
parable rather to a Teddy bear and its habits are not 
bearlike for its diet consists of eucalyptus leaves 

The kangaroo pouch {below at ri^^t) The pouch of a fe 
male has been opened up to show tv\o tiny young at 
tached to the mothers teats (Phalanger and koala 
photographs courtesy New York Zoological Society 
pouch pliotograph by Harry C Haven ) 




Ihe shrew Tlie smallest mammal and closest of living animals to our insccluorou* ancestors Ibis shv 
nervous creature is not photogenic the two figures above however give some ilca of lU aijicarance 
(suspicion and defiance appear to be the emotions recorded) (Photographs by Oliver P Pearson ) 
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history. A number of piacentals reached that continent and in its Lsolation 
developed into many strange and curious herbivorous tyjjcs considered in 
later chapters. None of the placental carnivore types, such as dogs and 
cats, entered South America before the bridge nent out. But opossums are 
omnivorous in their food habits, and some of their descendants developed 
in South America into flesh-eaters paralleling tlie wolves and cals of other 
continents; one even developed into an animal very' similar to the saber- 
toothed “tigers” which were long prominent members of the placental 
carnivore group. In tlie Pleistocene, however. North American connec- 
tions became re-established, placenta! flesh-eaters poured in, and the car- 
nivorous marsupials disappeared, apparently being unable to compete 
with them. Now, of pouched mammals, we find in South America only 
opossums of several sorts (some quite small and one partially aquatic) and 
one or two aberrant little forms. Incidentally, opossums, wc have noted, 
were present in North America in early Tertiary days and are present to- 
day. It is probable, however, that they had dicil out in the north and tliat 
these hardy animals are re-immigrants, returned from a long sojourn in the 
south. 

Australlon morsuplols. — In Australia the pouclicd mammals Imd tlicir 
one great opportunity That continent is isolated today and seems to have 
been isolated since the Cretaceous. Pouched mammals had entered Aus- 
tralia before its isolation, but not a single higher mammal of any sort, and 
until man arrived no land mammals had entered since (except, of course, 
bats and some rats, which seem to have gradually worked their way down 
the East Indies). There was a whole continent free for the marsupials to 
(literally) spread themselves in; and there they developed into a curious 
and interesting fauna, the members of which in many ways have paralleled 
groups of higher mammals which were evolved in the other continental 
areas 

The opossum, which seems to lie at Uic base of the Australian evolution- 
ary array, is an arboreal animal wuth an omniv'orous diet. From such a 
form we might have — and have had — Australian evolutionary lines lead- 
ing in both carnivorous and herbivorous directions. Some small Australian 
marsupials, the dasyures, which arc still arboreal but have started a car- 
nivorous career, arc soinelinies termed native “cats”; they’ arc catlike in 
habits and appearance, except for rather jminted snouts. Other forms 
which are in many ways equally' or more primitive are the little pouched 
“mice,” mouselike in appearance but very' dilTercnt in structure and hab- 
its. They resemble some of the small early fos»iI opossums and in Ii.ibits arc 
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eaters of insects and other small animals, much like tlie shrews among 
placentals Curiously, the mouselike parallel in external form c\en extends 
to the development of little hop]>ing forms comparable to the kangaroo 
rats Among the more specialized carnivores a prominent representati\ e is 
tlie Tasmanian wolf, or thylacme It is often called a “tiger” because of its 
striped back, but this is a very poor name, for the thylacme closely paral- 
lels the wolves and dogs of other continents m habits and many structural 
features Present in prehistoric times all over Australia, it appears to have 
failed in competition with tlie dingo, a true dog introduced by man and 
since gone wild The native “wolf” is now confined to Tasmania and c\en 
there is close to extermination ^Vlso confined to that island is the Tas 
manian “devil,” a burly and powerful pouched carnivore ratlier compa- 
rable to the wolverine among placentals Smaller animals which have di- 
verged from the typical carnivorous marsupial stock include an anteater 
comparable to placental forms and — most striking of all specializations — 
a marsupial “mole,” with powerful claws, vestigial e> es, and a conicil snout 
protected by a horny shield This animal is in almost ev cry detail a dupli- 
cate of the placental golden mole of South Africa 
The Australian marsupials so far described all have dental variations 
adapted to a carnivorous diet, and all have a good complement of in- 
cisors In one common type of classification they are hence called poI>- 
protodonts ( ‘many front teeth”) in reference to this last feature 
In contrast witli these is a second senes of forms which branclied off 
from the primitive omnivorous diet toward a vegetarian life The cheek 
teeth dev elop into a good grinding mechanism And m the front of the 3aw 
the lower incisors, and, exceptionally, the upper ones as well, are reduced 
to a pair of long chisel like teeth resembling those- of placental rodents, 
because of this last feature, these herbivores are often termed the di- 
protodonts (“two front teeth”) Acunous (although quite minor) character 
IS that the second and third toes of the hind foot (both rather small) are 
bound together by skm to function as a unit 
Somewhat transitional m nature between tlie two main marsupial 
groups are the bandicoots, which, unlike most Australian forms, seem to 
hav e no close parallels among placentals They hav e large ears and a hop 
pmg gait and, in these regards, are somewhat rabbit like, but the resem- 
blance goes no further In the fusion of toes and dev elopment of “grinders” 
they show the diprotodont pattern, but the incisors are of normal type 
A more generalized, central group of true diprotodonts are the phalangers, 
small but varied arboreal forms ITiey are often misnamed “opossums” in 
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Australia, but the true comparison in habits and in general appearance is 
with the squirrels among the placentals. Here parallelism has gone to the 
extreme of developing among the phalangers three different forms witli 
membranes between front and hind limbs which are used for gliding, like 
those of true flying squirrels. More specialized tjqjes, in which upper as 
well as lower incisors are reduced to a pair of chisels, are the koala and tlic 
wombat. The former is a little short-tailed arboreal form, often called a 
native “bear”; but the resemblance in appearance and size is closer to a 
Teddy bear, and its most un-bearlike diet consists of eucalyptus leaves. 
The wombat, now rare, resembles the marmots or woodchucks of Eurasia 
and North America in many regards. 

One major placental group for which the Australian marsupials have 
failed to create any close parallel is that of the ungulates, the hoofed 
mammals, such as the horse and cattle tribes. However, some of the kan- 
garoos resemble them closely in their mode of life, although not in appear- 
ance. The essential nature of a typical ungulate is that of a large plains^ 
dwelling grass-eater, capable of rapid locomotion. This is exactly the life 
of some of the larger kangaroos, although the appearance of these forms, 
with long hopping hind legs and a stout tail as a balancer, is far different. 
Among the numerous kangaroo types there are considerable differences in 
size and habits; one smaller form is even a tree dweller. 

We know little of the fossil history of Uiese living Australian animals 
except that in the Pleistocene there were a number of larger forms, now 
extinct, related to the living marsupials of that continent. These included 
giant kangaroos and giant wombats grown to the size of a rhinoceros. 

This interesting Australian development was possible only because of 
the isolation of these rather primitive mammals; and with the breaking of 
this isolation by the arrival of man, the Australian fauna seems on the 
road to extinction. Besides the inroads made by the fur trade, the intro- 
duction by man of other animals has done immense harm. Dogs and cats 
have found the marsupial an easy prey; and the introduction of Uie rabbit 
has proved a calamity both to man and to the native animals. 

PRIMITIVE PLACENTALS 

Beyond tlic conditions found in the marsupials, there is one final stage 
in the general line of mammalian ascent — the evolution of primitive pla- 
centals. 

Development of the placenta. — ^We have noted that a flaw in the proc- 
ess of bearing the young alive lay in the fact Uiat the young, when born, 
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were very tiny and helpless, owing to lack of sufficient means of nourish- 
ment before birth. The marsupial ])ouch has been fairly effective in filling 
this want. But the other mammals have done a better job. One of the 
membranes (the allantois) which surrounded the developing egg of the 
reptile ancestors has in higher mammals come into contact witli the walls 
of tlie uterus in whicli tlie developing embryo lies. TJirough the walls of 
this fused area, the placenta, food and oxy- 
gen are carried from the mother to the em- 
bryo and permit it to grow to a far higher 
stage before birth than was otherwise pos- 
sible. With a long period of development 
before birth and a long period of protec- 
tion and training after birth, the placental 
mammal can slowly mature iU complicat- 
ed mechanisms in brain and body. It can, 
as a result, function more efficiently as an 
adult than lower forms in which, so to 
speak, the body has of necessity to be 
somewhat hastily thrown togetlier. 

The ancestors of the higher mammalian 
groups evolved an efficient ])Iacenta at a 
very early lime, presumably much of their 
success has been due to their development 
of this useful reproductive mechanism. But 
they had no “patent” on this structure; 




The oldest placental mammals These 
figures represent tuo of six knonn 
skulls pertaining to the ancestors of 
the advanced mammalian groups All 
are from the Cretaceous of ^longolia, 
the origmal skulls are but an inch or 
two m length and represent forms 
somewhat similar to the shrews of 
today (From Gregory ) 


and, while most marsupials have no pla- 
centa or a very inefficient one, a placental 
structure very similar to that of liigher 
mammals may be seen in one Australian 
genus. However, this development in mar- 
supials has been too slow to do the group 
much good; it is too late for the pouched 
mammals to try to compete with their true 


placental cousins with which we are concerned from now onward. 


Insectivores. — The ancestoral placentals were seemingly, like a major- 
ity of the small early mammals, rather general in their food habits but 
primarily insect-eaters. Among the placental mammals there are still a few 
forms, mainly rather small and inconspicuous, which have retained such 
feeding habits to this day ; they seem on the whole to have departed least 
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from the primitive placental stock and are commonly grouped as the order 
Insectivora Several tropical forms, from Madagascar, the Congo region, 
and the West Indies are thought by some worker* to be especially primi- 
the Insectivore types which have some anatomical specializations but 
seem to represent fairly well, m mode of life and general appearance, the 
ancestors of all the placental mammals are the shrews — small creatures, 
mouselike in appearance These are not uncommon but are unfamiliar to 
most of us because of their small size and shy habits — features in which 



Afamily tree of the orders of placental nsaouDab (From Romer, TAe Kerte6ral« Zlody, W B Saunders 
Company ) 


they presumably are similar to their ancient Mesozoic ancestors The 
shrew* include the smallest of mammals, one species weighing no more 
tlian a ten-cent piece. They are extremely nervous little creatures, almost 
incessantly actn e Correlated w ith this and owing in great measure to the 
fact that their small size results in a relatively high loss of heat through 
the skin, shrews eat voraciously to obtain food with which to stoke the 
furnaces of their bodies A tjpical shrew will eat its own weight in food 
daily. An interesting recent discovery has been tlie fact Uiat one of Uie 
shrews has poison glands witlim its mouth, used for killing small animals 
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upon which it preys — the only case among mammals of tlie development of 
tins snakelike specialization 

There is a further modest array of living insectivore types of whicli the 
best known are the hedgehogs and the moles The former animal (not to be 
confused, as is often the case m rural America, with the porcupine) is a 
European resident, mainly nocturnal and sleeping by day, curled up and 
protected by a spiny coat It is mainly an eater of insects and slugs but 
varies its diet with small birds or small snakes The moles are highly spe- 
cialized for underground life, with powerful digging limbs and broad claws 
and with ejes and external ears reduced, the diet consists mainly of earth- 
worms The mole type has developed twice within the order, for in addi- 
tion to a widespread senes of typical moles, a South African animal, the 
golden mole, mentioned earlier, shows in its structure evidence that it has 
independently adapted itself to a subterranean career 

Of especial interest is a modest group of insectivores from the Old World 
tropics tlie tree shrews Although the trees may have been the ancestral 
home of placental mammals, most insectivores have turned toward ter- 
restrial or even subterranean modes of life, the tree shrews alone are per- 
sistently arboreal Apart from their retention of this possible primitive 
habitat, the tree shrews are important in that they appear to represent the 
stock from which sprang the pnmates Despite the fact that their appear 
ance shows no indication of relationship to monkeys, apes, or men, many 
points m tree shrew anatomy show significant primate resemblances 

The oldest of insect eating placentals have been discovered m Mongolia 
in the shape of a few tiny skulls of animals contemporary wiUi the late 
Cretaceous dinosaurs This final stage m mammal evolution had been 
reached toward the end of the long Mesozoic ‘ traimng jienod ” When the 
Age of Reptiles had closed and tlie dinosaurs had vanished, these efficient 
placentals were fully prepared to take over the world, and their spread was 
rapid During the Paleocene, first of Tertiary epochs, there w as a speedy 
differentiation from the primitive small insect eaters into a variety of di 
verse e\ oWlionaTy \vnes and a slxcnig lewdency ioT mcrease m size By iKe 
Eocene the mam lines of mammalian evolutionary history had been estab 
hshed Few of the original insect eaters have survived, but all the great 
array of living higher mammals, from men to whales, from horses to rats, 
have come from this insectivore stock 



CHAPTER 12 


Flesh-eating Mammals 

We may reasonably begin our discussion of the more highly 
evolved mammals, the placentals, by giving a brief history of the car- 
nivores, the flesh-eaters. The early mammals Tvere mainly insectivores, 
forms wliich presumably ate a bit of this and that but subsisted mainly 
upon insects and worms. This is flesh-eating of a sort; and it needed only 
an increase in size before some of the descendants of the insect-eating 
mammals were capable of preying upon their vertebrate relatives and be- 
came carnivorous successors of the flesh-eating therapsids and dinosaurs. 

CARNIVOROUS ADAPTATIONS 

Teeth. — The major changes which have been brought about in mam- 
mals of carnivorous habits are concerned with the teeth. The carnivore 
has to make its kill mainly with its leelli and has to pierce stout hide, cut 
tough tendons and hard bones. On the other hand, flesh is comparatively 
simple to digest and need not be well chewed. We find, in relation to tills, 
that in the more strictly flesh-eating forms grinding molar teeth ha^Ti been 
reduced almost to the vanishing-))oint. X cat, for example, has no chewing 
po^ver whatever. Dogs and tlicir kin, adhering less strictly to a carm^ orous 
diet, have kept all their molars except one upper pair and have retained 
some grinding surface in their cheek teeth; the bears have veered sharply 
away from the flesh-eating habits of Uicir ancestors and have redeveloped 
considerable chewing power. 

The front part of tlie dentition i$ highly developed. The incisors are 
highly useful in biting and tearing; the canines, or “dog teetli,” are long 
and pointed stabbing weapons in all flesh-eaters. Such cheek teeth as are 
left generally have sharp ridges and pointed cusps rather than fiat surfaces. 
In alPtypical carnivores Uiere has developed on eitlier side of the jaw* a 
very siiecialized pair of teeth called "carnassials,” which function in an 
important way in cutting hard pieces of food (notice, e g., how tlie house 
cat works a bone around to the side of the mouth to crack it). One of tlie 
upper teeth (tlie last premolar in living forms) and the low'er tooth in back 



Tin: vi.nTi:nRVTi: sionv 


m 

of it become very large ami much elongated, with a sharp fore-and-aft 
ridge. The two teeth do not meet directly in a straight chopping motion 
but pass each other, tlie upper tooth to the outside, acting as a pair of 
sheais whicli can crack and slice very tougli materials 

Skeleton. — While the teeth aic much modified in carnivores, the skele- 
ton of the trunk and limbs is generally rather i)rimitive in pattern. A car- 



nivore must be speedy to catch its prey. But it cannot develop tlie rigid 
skeleton or the hoofed condition with a reduction in toes which ne find in 
the large herbivores discussed in the following chapters. It must remain 
supple and retain its claws in order to attack and grapple mtJi its prey. 
There are well-developed claws in all typical carnivores, and, except for a 
frequent loss of the “thumb” and big toe, the toes are all retained. 
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ARCHAIC FLESH-EATERS 

Carnivores needed onJy, for their inception, to liav-e some of tiicir pla- 
cental cousins develop into harmless herbivorous tyjics upon which they 
might prey. Tlie development of such herbivores, particularly the archaic 
ungulates, began promptly willi the extinction of the dinosaurs In the 


Paleocene, first of the Tertiary 
epochs, there began, just as 
promptly, the development of 
carnivores, to which they fell 
a prey. 

Some of the early carnivores 
were almost indistinguishable 
from the ancestral iusectivores 
from which tliey were being dif- 
ferentiated. But quite rapidly 
the old carnivores spread out 
into a number of types with di- 
vergent adaptations The vari- 
ous flesh-eating forms winch 
were dominant in the first two 
epochs of the Tertiary (the Pa- 
leocene and Eocene) arc often 
grouped as archaic carnivores, 
or creodonU, now entirely ex- 
tinct. In almost all of Uiem 



shearing carnassial teeth w ere 
developed, although the pair 
of cheek teeth selected for this 
use varied. The brain was usu- 
ally small, and presumably the 
intelligence was nothing to 
boast of; but this mattered 
little, for Uie archaic herbivores 
v\hich formed the main staple 
in their diet were equally 


Crown MOW of ibe upper leetli of Ibe ri^ht side in vari- 
ous carnivores Atore, Stnofia, n little specialized (.o- 
cene creodont. with all teeth present Center, a fossil 
dog. the last molar u lost, the other two molars have 
some chewing power, and the trungular tooth m front 
of these (the last prcmolar) is a specialized shearing 
tooth (carnassial) lidov, n cat, shearing u highly de- 
veloped. hut chcHing ability is gone, of the molars 
there remains only a single \ csligial toolii The straight 
fine connects the last prcmotiir. or carnassial. in the 
three t>-pcs 


feeble m brain development. In most of tlicseold carnivores llie body was 


long but the limbs short and Uic speed consequently slight; but, again. 


tlie older hoofed animals were also comparatively slow of gait. 


Some of the smaller creodonts seem to have been comparable to modern 
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weaseU m tlieir liabits, others were more vsolf or honlike The range m 
size was great Among the large members of the old stock may be men- 
tioned Ilyaeuodon (with stout, h>cna like teeth), which survived until the 
Ohgocene and may have preyed upon the great titanotheres A contem- 
porary Mongolian carnivore had a skull a yard long, this beast was the 
largest flesh cater that land mammals have ever jiroduced 

MODERN TERRESTRIAL CARNIVORES 

The end of the Eocene and the beginning of the Ohgocene saw the dow n- 
fall of the archaic creodonts and their replacement by more modern 
flesh eaters, the fissipedes, ancestral to the dogs, cats, bears, and other 
living tJ^)es (The name “split feet” is used to distinguish them from the 
web footed sea carnivores ) 

Speed and brains — If we seek for the cause of this revolution in the 
flesh eaters, we naturally turn to an examination of the history of the 
herbivores forming their food supply Here we find that at about the be 
ginning of the Ohgocene there was a similar overturn of stocks The ar- 
chaic ungulates and the more clumsy odd toed ly]>es (such as titanotheres) 
were passing out of existence and being replaced by speedier hoofed mam 
mals which would have been able to elude many of the ratlier slow creo 
donts which had previously abounded Then, too, Uic older ungulates 
were small brained forms, their successors seem to have tended toward 
larger brain development and greater intelligence This latter feature may 
perhaps be tlie real clue to the downfall of the creodonts It takes brains to 
stalk aprev if the would be cater is more stupid than his potential dinner, 
his chances are poor Among all the creodonts there was only one com- 
paratively inconspicuous Eocene group (luiacids) m which a good brain 
was developing it is from this one slock that all later flesh eaters have 
arisen 

An early fissipede — Typical of the early members of the modem cami 
vores which appeared at the end of the Eocene and beginning of tlie Oh- 
gocene was the little Cynodictis, about the size of a weasel or a toy fox 
terrier This “dog weasel ’ is usually regarded as the ancestor of the later 
dogs This may well be correct, but Cynodictis was little specialized m any 
particular direction and may have been close to the starting pomt of all 
the later carmvore lines The body was long, the limbs rather short, as is 
still the case with such types as the arboreal weasels or civ ets This sug- 
gests that the ancestors of modem carnivores had been tree dwellers to 
start with In brain size Cynodtetts was much better off proportionately 





An archaic carnivore, or crco- 
doQt. An Eocene flesh eating 
mammal, Oxyaena, portrajed 
os feasting on the tin^ dann 
horse, (tromapaml 
mg by Charles R Knight, 
photograph courtesy Americaa 
Museum of Natural History, 
New YorL) 


Civets The civet tnbe (\i\er 
rtdae) arc Old World tropical 
forms, many of viliich are rcla 
tively primitive carnivores In 
gencraf proportions tfic palm 
civet (fr/t) resembles the ar 
cliaic carnivore shown above 
The binturong (lower lejt) is an 
oriental shaggy haired noc 
turoal vanation on the same 
pattern liic oardwolf (Prole 
let lower right) is a long legged 
rather foxlike civ et w hicli liv es 
mainly on Icrznitcs (Ncw'Vorh 
Zoological Society photo* 
graphs ) 





Various carnivores 


1 Tha otter is a member of the u easel group 
J winch has grown to a moderately good size 
I and taken to an aquatic 1 fe as a hsh cater 

i k close relative tl e rare sea otter of the 
Pacific has gone farther in tl is tj'pc of life 
and become a marine form paralleling tlie 
• seals 


The badger also of the weasel group is a 
powerful digger using the long claws on 
its forelegs to dig and capture burrowing 
rodents The many badger genera arc widely 
distributed ov cr the Northern Hemisphere 


J 

m 
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The cheetah (<4ctnonj/r) isanoricnU! mem 
ber of the cat fam 1> whicli u sometimes 
Umed as a bunting dog Un! ke tl e tj-pi 
cal cats which depend on a sudden spring 
to seize the r pre> tl e clieclah is capable of 
1 igh speed over a long distance 

Hyenas These unlovely relatives of the 
civet mongoose group of Old ^^orld carm 
voresl avebecomescavengers Thespotted 
h>ena shown below is an Ifncan form 
(Hyena photograph courtesy \merican 
Museum of Natural History New \ork 
other photographs courtesy New York 
Zoological Society ) 
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than any ci eodont; this incicas>e in intelligence may have been (as w e shall 
see much more markedly in the case of our own ancestots) developetl in 
lelation to tlie coniple\itics of arboreal life- 

In the Oligocene the diilctentiatiou of tlie modem carnivore families 
had already begun. Living terrestrial flcsh-eateis are divided by tecimical 
characlera into two main groups* one including civets, hyenas, cats, and 
their relatives; the other group, Ure weasels, dogs, raccoons, hears, and 
their kin 

Civets. — In the first group the cals are the most familiar forms, but the 
ci\et family, including the mongoose, genets, and many other small Old 
World flesh-eaters, is much closer to the basic stock. These tropical ani- 
mals have never reached America. Most are still arboreal in habils, with 
the short limbs and small size of their early ancestors; they occujiy in the 
Old World tropics roughly the place token by the weasels and their kin in 
the Xortli Temperate Zone. There arc (as in the weasel family) many vari- 
ants from tlie general pattern; we may note, for example, that in the East 
Indies one civet has, like the otters, taken to an aquatic existence and fish- 
ealing habits The great island of Madagascor has apparently been sepa- 
rated from the African mainland for a good part of the Cenozoic era, and 
its mammal fauna is sparse. There are no members of the dog or cat tribes, 
and the only carnivores found there are members of tlie civet family. Most 
notable is the foussa, an animal looking somcUiing like a good-sized cat, 
reaching five feet in lengUi, with a large tail. Catlike, too, is Oic fact 
that the face is sliort and the teeth like those of cats, higlily adapted for 
shearing flesh. Some students of carnivore history Jiav e suggested that the 
foussa is a primitive cat type; but its general structure otherwise is that 
of the civets, and it is probably a member of that family which, in the 
absence of true cats, has tended to adopt a feline mode of life. 

A very aberrant offshoot of the civet family is the aardwolf of southern 
Africa. This creature has rather the ajijicarance of a long-legged fox or of a 
small and slender sharii-nosed h>cna, Tlie teetli are liny, a feature associ- 
ated with its diet; this animal — nocturnal and a good burrow er — makes its 
living mainly by eating white ants (and thus paralleling some of the 
“edentates” discussed in a later chapter). 

Hyenas. — Likewise an e.\clusivcly Old World family arc the hyenas. 
These are large and repulsive scavengers, with stout tcclli capable of ilcal- 
ing with the leavings of their more delicate carnivorous cousins; they are 
also not averse to a bit of grave-robbing. They are lieavily built but long- 
legged, ungainly creature',. Tlicy developed, at a comparativ ely late lime. 



TJIL VLimBlUTL STOR\ 


from the ci\ets Once widespread over Eurasia, they are now confined to 
southwestern Asia and Africa In the former area, and spreading west 
through Egypt along the north African coast, is the striped hyena South 
of tlie Sahara m Africa the common form is the spotted hj ena, a larger and 
more aggressive animal, which generally hunts in packs 

Cats — Much older in origin tlian the hyenas are the felids, the cats, 
which were already prominent in early Oligoccne days These are the most 
purely carnivorous of carnivores, back of their carnassials there is scarcely 
a trace of molar teeth A cat is ably equipped for stabbing, biting, and 
slicing, for chewing, it is not equipped at all Rather in contrast to the 
dogs, which often run their prey down and hunt in packs, the cat is a 
crafty individualist The agile body is incapable of sustaining speedy run 
ning for long distances, stalking and a sudden jump on the prey is the cat 
method The claws are highly developed as a useful aid 

ilodern cats are of many kinds, but although they vary greatly in size 
and pelage, they are quite uniform in basic structure The largest members 
of the group are the lion and tiger (Beware, by the way, the tlinllmg 
jungle picture which shows both lions and tigers That picture was made 
m Hollywood, and the animals came from the zoo, for there are no tigers 
m Africa, and lions are almost extinct in Asia ) There is an abundance of 
fclid species in tropical Asia and m Africa Next in size to lion and tiger are 
several species of large arboreal forms, the leopards and panthers Smaller 
IS the serval and then follow a number of cals of modest size Among these 
the common African wildcat, termed the ‘ kaffir cat” in the south, is of 
especial mt'^rest This form resembles the ordinary gray striped cat to be 
found in any alley, and is probably the species that w as domesticated (and 
venerated) in Egypt In the more northern region of Eurasia are wildcats 
of modest size and one larger felid, the lynx, now rare m Europe 

In the Americas the largest member of the family is the jaguar, of leop 
ard size, golden yellow m color with bUck rosettes, found from INIexico 
and southernmost Texas southward throughout the tropical forest* The 
ocelot is a small form of similar range and somewhat similar ajipearance 
Next m size to the jaguar is the puma, also called the cougar or mountain 
hon a large drab brow n animal Its far flung range extends from soutliern 
Canada to far south in South America, it is, however, absent from tlie 
more settled parts of North Amenca In both Americas there are furtlier 
smaller felids, most common m North America is the “bobcat,” techni 
cally a Ij nx 

The one living fehd which all agree is definitely set apart from ordinary 
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felines is the cheetah, or hunting leopard, of Africa and soutlieni Asia. 
This slender, long-legged animal is not merely an adept stalker but a swift 
runner, able to overtake the antelopes which arc its normal j)rey. The 
cheetah is frequently captured by man and tamed for hunting j>urposes. 

These various cats look quite different superficially; but under tlieir 
skins they are very similar to one another, it is practically impossible, for 
example, to tell a lion’s skull from that of a tiger. Our domestic cat is 
probably one of the latest additions to man’s animal entourage 

Sabertooths. — Quite sharply marked-off from the ordinary members of 
the cat family w ere the saber-toothed cats, now entirely extinct, but for- 



TlieAu]}a»(];an5of;i ijpical cat (///>). and a saWtoolh (rtffhl) In both the;3n4arcD{>enc(i to their 
[uH extent In the sabcrtootlu the >> hole skull and jaw are sliajMxl to m Ihu M idc giiK and to aid 

the dontinard dnsc of the sabers 

mcrly widespread Smtlodon, a Pleistocene form, w as a common inhabitant 
of America until fairly recent limes, geologically speaking Its skeleton is 
to be found in every respectable museum, for exceedingly numerous re- 
mains have been found at the Rancho la Brea pits in California At Uits 
jdacc in the suburbs of Los Angeles there were, during a laic stage of the 
Pleistocene, pools to which animals of the region came to drink. Beneath 
the surface were deposits of soft tar. Any unwary animal that steppeti in it 
was trappetl. The presence of slniggling animals brought, in sc.irch of 
food, numerous flesh-caters, notably sabcrtootlis and an extinct wolf tjpe 
and a giant vulture. These forms were very frequently Irapiitxl in thtir 
turn In remit tlccadcs largo quantities of skeletons have been c\c.iv.iIchI 
from the now Inirdencsl tar. 
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Smilodon was a powerful animal as Hi^c as a tiger But there were ma 
jor differences from the oidmary felines The lower canine teeth were 
small the upper ones, on the contrary, were e\cecdmgly long, cur\ed 
sabeis, capable of inflicting a deep slashing wound Ihe lower jaw was so 
articulated that it could be dropped at a right angle to clear the sabers, 
and the shape of the skull indicates the possession of strong muscles to 
stiffen the head during the stabbing and slicing stroke of the upper canines 

It seems jirobable that this saber tooth development was an adaptation 
which fitted these old cats for dealing with thick skinned animals such as 
proboscidians The ordinary carnivore usually tries for a quick kill — a bile 
into a vital structure Ihis howe\er, is almost impossible in an animal 
with a thick hide But long slashes of these sabers would make profusely 
bleeding wounds followed eventually b> death The sabertooth jilayed a 
waiting game it would secra 

The extinction of these animals is very possibly due to the practical cx 
tinction of the large thick skinned animals winch may have formed their 
prev In the Pleistocene for example, there were four large and common 
jiroboscidians m North America is well as numerous large gioiind slotlis 
Today all arc extinct It may be that the mastodons — pnmitiv e clcjihant 
like forms — were an especial favorite of these creatures, for both saber 
tooth and mastodon survived to the end of the Pleistocene in this cun 
tinent but both disappeared much earlier in Europe 

Weasels — Tlie second great group of modern land carnivores is that of 
the dogs raccoons bears weasels and related types Among these forms 
members of the weasel family arc closest to the original fissipedcs m a 
number of respects such as their frequent persistence in an arbort il life 
and their usual small size and short legged build Alost are inhabitants of 
the North Temperate Zone and in correlation with chilly climates have a 
tliick pelt which makes them important in the fur trade In general thej 
have highly developed scent glands in the anal region — a feature most 
ostentatiously developed in the skunks easels polecats stoits ermme 
and mink are small but bloodthirslv forms with slender bodies and short 
but sharply clawed toes they are widespread over tlie forested areas of 
Europe northern and central Asia and the colder half of Noith \merica 
Rather larger but similar in habits are the martens equally widespiead 
the sable is a north Asian variant the fisher (the name is not particularly 
appropriate) is a large American marten The peak m size of tins first senes 
of weasel relatives is the wolvenne or glutton of the more noitheily for 
ests of Eurasia and America His appetite ls indicated by his name In 
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disposilioa the wolverine is no improvement over his smaller relati\ cs, but 
his build is different, with a storfty and powerful body about two feet In 
lengtli and a short tail. 

A second series of mustelids consists of forms of a more terrestrial, and 
often more or less fossorial, nature and, in many cases a trend toward less 
purely flesh-eating habits, with insects and even plant materials often 
prominent in the diet. The body is generally more stocky tlian in the forms 
so far considered (except the wolverine). In connection witli dig^ng habits 
the toes tend to be armed with heavy but less pointed claws and, m rela- 
tion to food habits, the carnassia) teeth are less powerful shearing struc- 
ture* Characteristic here are the skunks, purely American in their several 
distinct types. Their striking black-and-white coat patterns arc generally 
an effective warning of their potency, but natural selection has not yet 
bred into them a realization that the automobile is unconcerned with 
olfactory sensations. More broadly distributed are a number of genera of 
badgers, with broad flat bodies. They are awkward-appearing animals but 
powerful diggers; burrowing rodents are their major prey, the ground 
squirrel and prairie dog being favorites with the American badger. 

But although tiie family is as a whole a northern group, a fair number of 
forms enter the tropics and the southern continents (but not, of course, 
Australia). In the Americas, one genus of skunks enters South America 
and there are two tropical American forms rather similar to martens. In 
the Old World, despite competition from somewhat parallel carnivores de- 
veloped in the civet family, a number of types have ventured into the 
tropics. Several badger-hke forms are found in the orient, and in Africa are 
types rather like the skunk and weasel. The ralels of Africa and India are 
badger-Ukc in appearance and, although varied in diet, arc said to have a 
fondness for honey — hence their alternative name of honey-badgers. 

Besides arboreal and terrestrial forms Uic weasel family includes two 
aquatic types. The otters are widespread forms which hav o very much the 
slender weasel proportions but arc, of course, of much larger size — and of 
far better disposition. The limbs are very short, the short toes, webbed. 
The otters arc fish-eaters, swimming by graceful undulatory movenionts 
of the long body, ilost otters arc fresh-water stream dwellers; more ex- 
treme in its specialization is the sea otter of the colder North Pacific 
coastal w.iters, liighly prized for its fur but close to extinction. This is a 
much more comjiacUy built, short-tailed animal with large wcbbcil hind 
feet; in contrast to the true ollen, this animal is primarily a molhisk-cater. 

Dogs. — ^Thc dogs, wolves, and foxes and ihcir relatives form a .second 
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family of this second group of modem carnivores They are mainly plains 
dn elhng, pack hunting animals, capable of rapid locomotion for long dis 
tances They are considerably less purely carnivorous m their adaptations 
than the majority of their weasel relatives, they have, for example, re 
tamed two of their three upper molars and have a fair degree of chewing 
ability The remains of plains animals are comparatively abundant, and 
hence our history of fossil dogs is relatively full, from the small Ohgocene 
ancestral types down to those of today There have been many side 
branches developed from the dog stock, such as extinct hyena like and 
bearlike dog forms 

The domestic dog, wolf, coyote, and jackal are a closely related senes of 
animals which are the ty])ical modern representatives of the family The 
dog IS man’s oldest companion, havingbeen at least a camp follower since 
Mesolithic da>s During the course of this long stretch of time selec 
tion has evolved a great senes of breeds of the most varied nature The 
dog IS unknown m a truly wild stale The dingo of Australia, a large 
tawnv dog has become in part wild but was quite surely introduced by 
man Very likely it is close to the original dog tyi)e, as are perhaps some 
dog races in India and various pariah dogs of the East, which it resembles 
Possibly the dog ancestor was a strain of wolf — with a more tractable na- 
ture than the normal wolf — for dog and wolf are anatomically almost in 
distinguishable 

The w olf is the largest, boldest, and most w idespread of camels, it ranges 
ov er the entire North Temperate and Arctic Zones through Eurasia and 
North America, but it has been exterminated m the more thickly popu- 
lated regions A smaller American form is the coyote, which m contrast to 
the wolf IS not dangerous to mm or adult cattle but may make depreda 
tions on the pig sty or chicken yard and can cause havoc m an unprotected 
herd of sheep The covote is, hence, hunted and killed in great numbers 
But his elimination from a region is not an unmixed blessing his usual diet 
consists of hares rabbits, and small rodents, and in the absence of co> otes 
these ‘vermin multiply greatly The coyote is pnmardy a plains dweller 
but in recent years has spread eastward as far as the Adirondack Moun 
tains The jackals of the Old World are forms with habits somewhat sum 
lar to those of the coyote, but tliey are less aggressive and are, to a great 
extent, carrion eaters They are essentially tropical m distribution, rang 
mg widely, in a number of species, through Africa and the Orient 

Distinct from tlie typical dog wolf group is a second familiar camd type 
including the foxes The red fox (the coat color vanes considerably) is 





Deg* The dog fam \y (Canjdae) induces 
a large aumber o! living and loss 1 t>7»c5 
Abate Uft Cynodiclu a small pnmiti% c 
form /rom the Oligoccnc classed a 
dog hut perhaps dose to the stem of di 
later carnivores Above the dingo of Vus« 
iralia a dog gone wild but latrodutcd 
into that contment by early man Left 
an Uncan jackal susilarinhabitstothe 
cojoleof North kmcrica Below, left the 
Cape dog of SouUi ifnea aa aggressive 
form which hunts m packs ifefoir the 
large cared fox of eastern and souUicm 
Unca iCynadictis from Scott s Lond 
ilammab in tlte II etUrn Ilemuphere by 
permission of the hlacmillan Co other 
photographs by New York Zoolog oal 
Society ) 





Baloo llie sloth hear is the only 
hear found m Xiuha (apart from 
the Ifiinalajaa region), and (as 
m Kipling s Jungle Book) is 
commonly known by the name 
of Baloo or Blialu It is a rcla. 
ti\ cly small animal, n itli shaggy 
hair and ^cry long clans, its 
food IS mainl} fnnt, Honers, in- 
sects, and hone^ 


Raccoon relalivos The raccoon is a tree dnellmg 
cousin of the dogs^vho has tended tonard a mixed or 
herbivorous diet Se>eral close rclatiies of the rac- 
coon are show n here. Right, the coati (A aeua) of Cen 
tral and South America distinguishable by his long 
nose Directly beloio, the true panda (/fifurtu) of 
southeastern iVsia, larger but showing obvious stmt 
latiltes to the raccoon Lower right, a much larger re 
lated form {Atluropoda) from the same area, com- 
monly called a panda but properly, the giant panda 
(Photographs courtesy New York Zoological So 
ciety ) 
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found, like his ^olf cousin, throughout the Korth Tcinper.ite Zone, and 
fartlier to the north is the Arctic fox, notable in that (hke se\eral other 
animals of the Far North) it assumes a white pelage in the winter The 
smaller gray fox is present m North xkmenca only, as is the little kit fox of 
the \Vest 

So far we have confined our mention to forms familiar to the average 
reader who, like most of the canids mentioned, probablj Iiv es in the North 
Temperate Zone But m the tropics and on through Africa and South 
Ameiica there are to be found numerous other members of tins family not 
familiar to us and for the most part not worth mentioning unless we were 
to go into detailed technical descriptions In South America, for example, 
there are half a dozen canids w Inch are good members of the family but not 
pailicularly comparable to wolves, coyotes, or foxes, the Indian hunting 
dog, the dhole, is clearly set off by dental characters from the dog-wolf 
group, the Cape hunting dog of South and East Africa, a canid of some- 
what hjena like appearance, is quite distinct from any other caiiul group, 
Africa has a senes of small, large cared, foxlike animals, the fciiticcs, and 
one African fonn of similar apiMjarauce is notable in tint, contrary to the 
carnivores’ trend for cheek tooth reduction, it may sport four molar teeth 
— more than nnj pioper terrestrial placenta! mammal But despite this 
divci-sity m habits and anatomical detail, all these forms arc close to tlie 
common structural pattern of the fainily, .md the “dogs” show much less 
variation than do the easel and civet groups 

Raccoons — Uie raccoons, together with a few relatives (almost all of 
them Ameiican anmnls) appear to be quite clostly related to the dogs and 
descended from early members of that family 1 hese hkabic little animals 
)nve persistently kept to the arboreal habitat of their early ancestors 
'Ihey have, however, departed far from a carnivorous mode of life One 
evidenceof tins is tliefact that tJie shearing teeth can no longcrshcar, they 
Inve been modified into chewing leelJi like the molars behind llicm Ap irt 
fi oin the necoons, winch range throughout most of the xVincncas, there are 
three troinca) tyjies tlie cacomislle, rather raccoon like m appearance but 
moi-c slenderly built, the coati, distinguished by a long slender snout, and 
the kiukajou, with a ■smooth brownish fur and a prehensile tail All arc 
friendly liUle animals which arc saul to make delightful pets 

SoiiKliincs included m the raccoon fauiily, but jitrhajis not closely re- 
lated, arc two xVsiatic animals from the mountains of southwestern Chin t 
and eastern Tibet One is the true p inda, an anim il of rather moilesl sire 
(about two feel from snout to end of botiy) with a short head, re“<ldish 
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coat, and s.trij)ed tad Like the raccoon group, it has fairly good clitwing 
abdity and its diet is mainly herbivorous rarther fiom the typical rac- 
coon type IS the animal popularly called the panda but more properly 
termed the giant panda or, better, the parti colored bear This is a rare 
animal, almost never seen in captivity, in fact, very few specimens have 
ever been collected In general build it resembles a small bear, in colora- 
tion it Is dominantly white but with black patches or stripes Its teeth are 
still better adapted to chewing than other raccoon like tyjies, and in its 
native haunts bamboo shoots are said to be its favorite food In general 
this curious creature splits the difFcrcncc, structurally, between raccoons 
and bears, and it is perhaps most closely related to the latter 

Bears — A final stage in the trend away from a carnivorous mode of life 
IS seen m tlie bears, also members of the dog group of carnivores These 
large forms have, m general, a mixed diet Tlie last molar tooth liad, it 
would seem, alieady vanished before the bears drifted back toward a 
herbivorous tyiie of diet, and teeth, like other structural features gen 
erally, when once gone never reappear But in bears the lack of a full set of 
back teeth has been made up for by the great elongation of the two molars 
winch are left the two do the work of three In the Pliocene there were 
several large and rather heavily built dog types winch seem to be inter- 
mediate between dogs and bears m structure 
Largest and most impressive of bears is a series of forms including the 
brown bears of Eurasia and the grizzly bears of western North America 
The big brown bear once ranged widely over Europe but is now evtmet 
except in the more remote regions , it extends over ^ksia south to the Hima 
layas and east to Kamcliatka The cave bear of the European Ice Age, 
contemporary with Stone Age man, was a large variant of the brown bear 
type We need not, however, go to the fossil recoifl to cite bears of impres- 
sive size Grizzly bears are known to reach half a ton m weight, but of 
maximum size are the much larger Kodiak and other giant brown bears of 
Alaska — Uie largest land carnivores in the world — reaching as mucli as 
1,300 pounds Distinct from these big animals is the black bear, confined to 
North America but widespread tliere A third nortliern type of bear is Uie 
large polar bear, with its appropriate white coat A good swimmer, this 
form IS (because of the nature of his country) much more of a strict 
carnivore, with fish and seals as the staples of his diet 

Apart from these familiar forms, there are four otiiei living bears, tropi 
cal in distribution, all are mainly black m coloration, but all are quite dis 
tinct m nature from the American black bear The Asiatic black bear is a 




Pinnipeds— aquatic carnivores. In several instancea mammalian flesh-eaters have taken to an aquatic 
life. A successful group is that of the Pinnipedia, including the seals, nalrus, and their relatives. Above is 
shoa n a seal rookery — the Tolstoi rookery on tlie Prihiloff Islands, Alaska. This is the home of the fur seals 
of the northern Pacific. The photograph nas taken at the height of the breedmg season. Families in the 
background; idle bulls in the foreground. The fur seal and its close relative, the sea lion, arc found only in 
the Pacific and may be distinguislicd from the common seals of the Atlantic by such features as the absence 
in the latter of any projecting ear. (Photograph courtesy American Museum of Natural Histoiy, New 
York.) 



Th* woirus (/r/l). A ponderous mollusk-eating member 
of the pinniped group, confined to cold northern seas. 
The upper canines are enormous tusks which appear to 
be useful in grubbing for oysters and mussels. (Photo* 
graph from a mounted group in the American Museum 
of Natural History, New York.) 


The elephant seal (J/ocrorAinus), bfloie, in which there 
is a curious develr^ment of a proboseb in the males. 
This animal is the largest of pinnipeds, attaining a 
length of 20 feet. It ranges from California to the Ant- 
arctic. The photograph (by Sir Douglas Mawson, cour- 
tesy New York Zoological Society) shows two bulls 
fisditine on an Antarctic beach. 
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large and aggressive animal inhabiting the forests of the Himalayan and 
related mountain chains. The remaining forms are small. There is a Ma- 
layan animal, usually called the sun bear, and In India is the sloth bear, a 
relatively little fellow witli large claims and shaggy hair. The teeth are 
quite small in correlation with a diet of insects, honey, and fruits. (This is 
“Baloo” of Kipling’s Jungle Book.) There are no native bears in tropical 
Africa and but one in South America — a short-faced type, callcti the spec- 
tacled bear because of rings about his eyes which give him the learned 
appearance of neaiing tortoise-shell spectacles. 

AQUATIC CARNIVORES 

A final grouj) of carnivores is that of the purely marine types, the pin- 
nipeds, including the various seals and the walrus. These are mainly fish- 
eating forms which very probably have descended from some primitive 
dog stock, their fossil liistory is poorly known. A curious feature is that the 
tail had seemingly become too feeble a structure in their land ancestors 
for it to resume any function in propulsion. The feet arc webbed, and the 
hind legs (reduced in other marine mammals) liavc remained large and 
are turned back as a substitute for the missing tail The group is one of 
temperate to cold waters of both Northern and Southern Hemispheres; 
except along the western coasts of tlie two Americas, wlierc there are cold 
currents, they seldom venture far toward the Equator. 

The pinnipeds include tliree families: cared seals, earless seals, and 
walnises. The earless seals, so-called because there is no projecting car flaj), 
are widespread in the north of both Atlantic and Pacific oceans and in 
soutliern oceans as well; the little harbor seal is a common form in both 
northern oceans. Otherwise purely marine, in ^Vsia seals are found far in- 
land in Lake Baikal, the Aral Sea, and the Caspian — a situation perhaps 
due to a former connection of these water bodies with tlic ocean at some 
lime in the Pleistocene In earless seals the limbs are useless on land, and 
the common seal comes ashore only very briefly for breeding purfioscs 
(they lead a properly monogamous family life), klost memhers of Hu's 
group arc small, but the elephant seal, of the Antarctic and the Pacific 
shores of America — named because of the development of a short i>ro- 
boscis in the males — is a giant fonn, in which the males may reach twenty 
feet in lengtli. 

The eared seals are confined to the Pacific, reaching both Arctic and 
Antarctic exlrcines. Most members of the family are tenned sea lions; 
many are of rather good size. However, the California .sea lion is relatively 
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small; this animal, intelligent and amiable (as are most seals) ia the most 
common seal in menageries' and makes a good circus performer. In this 
group all four limbs can be used in locomotion on tlie beacli, and members 
of the family stay ashore for considerable stretches of time at the annual 
breeding periods. The males arc much larger than the females and are 
polygamous, the old bulls gathering — and defending — harems composetl 
of half-a-dozen or more inmates. 

In tliis family, too, are the fur seals, one in Antarctic waters, the other — 
a famous species — from the North Pacific. The northern fur seal breeds 
almost exclusively in the small Pribiloff Islands in the Bering Sea The 
seals remain there from INIay to September, then take to the sea, journey- 
ing southeast in the northeast Pacific in tlic fall and returning up along the 
Canadian and Alaskan coast in the spring. When first discovered, the 
rookeries on the Pribiloffs were of fabulous size. Constant commercial 
hunting so endangered the existence of the species that only through inter- 
national agreements has it been preserved. 

The walruses, found throughout tlie Arctic from Atlantic to the Pacific 
and, with the seals, the main source of Eskimo livelihood, are enormous 
animals with breeding habits like those of the eared seals. Their diet, how- 
ever, IS primarily one of mollusks; their enormous upper canine tusks are 
useful m digging and gathering mussels, and their stout peglike cheek 
teeth deal effectively with mollusk shells. 



CHAPTER 13 


Hoofed Mammals 


Quite in contrast to the carnivores just discussed are the 
hoofed mammals, or ungulates, of which several groups will be considered 
in the present chapter and the one which follows. By this terra may be 
designated almost all the larger herbivorous mammals The name, how- 
ever, is not entirely a distinctive one, for while typical ungulates, such as 
the liorse and the cow, have hoofs, the ungulate orders include a number of 
animals with ivell-developcd claws and ev’en sucli types as tlie purely 
aquatic sea cows. Nor do the ungulates form a single natural group, for 
the hoofed condition has undoubtedly been attained independently by 
various lines; and, strange as it may seem, a cow is, for example, probably 
as closely related to a lion as to a liorsc 

UNGULATE STRUCTURES 

Despite the artificial nature of the ungulate assemblage, there are cer- 
tain structural changes which have generally happened in the transforma- 
tion of a primitive mammal of whatsoever group into a large herbivore — 
changes having chiefly to do with teeth and limbs 

Teeth. — The shaqj, pointed clieek teeth of primitive mammals were 
unfitted for a purely vegetable diet and ncre not suitable organs for under- 
taking the thorough chewing which leaves, grain, or grass must undergo 
before passing into tlic stomach In relation to tins vve find that in un- 
gulates the cheek teeth liave generally tended to become much enlarged 
and to develop a flattened grinding surface. In large forms and especially 
in animals which eat highly abrasive material such os grass (as, eg, 
horses and cattle) the demands for increased grinding surface on the Icelli 
are very great. In correlation with this the molars of many ungulates be- 
come high crowned so th.at the tooth may be ground down a verj’ con- 
siderable distance before it is worn out. 

There is, however, a curious fashion in which this high-crowned condi- 
tion is att.^ine<l in such a form as a horse or cow. Tlie crown of a tooth Is 
covered with a thin la^er of a very hard material, the enamel; the tooth 

ssj 



TIIL VLnTfBRi\Tl STORY 


3o} 

roots are fixed to the jaws by a connecting layer of porous bonelike raa 
terial, the cement, but the main mass of the tooth is the material known 
as dentine To make a high crowned tooth one would imagine that nature 
would simply ha\e built the dentine up into a high and solid iiillar, cov- 
ered by a hard film of enamel and kept the cement in its proper place at 
the roots 

Not so Dentine is a relati\el> soft material, and once the hard en'imel 
at the crown surface was worn off, the tooth would wear rapidly away if 
built m this fashion Instead, each of the cusps on the original low crown 
grows up into a tall slender pillar Each pillar, of course, is covered wiUi 
enamel, and hence the amount of this liard material m the tooth is greatly 
increased But merely having a series of separate 
tall cus|>s would give a weak structure Nature 
has remedied this situation Before the tooth breaks 
the gums, the cement material covers over the 
entire tooth and fills the interstices between the 
individual cusps, binding them together into a 
compact unit And when wear occurs, it grinds 
down gradually through a comjilex structure of in- 
terwoven lajers of cement, dentine, and hard en 
amel 

Ltnvbs — In most ungulates a fast type of loco- 
motion has developed Speed is necessary for Uiese 
harmless forms if they are to escape flesh eating en 
emies, and long distance transportation is essential 
for many ungulates which range from season to season over different feeding 
grounds In primitive mammals the skeleton was a flexible one, in un 
gulates the joints of the various bones are so constructed as to be extreme 
ly efficient for straightaway forward motion but very poorly adapted for 
any other types of movement (we all know, for example, how difficult it 
vs, for a horse, to regain vts feet after vt has fallen vn an nnaconstovned post 
tion on a slippery pavement) In running types the first joints of the 
limbs (humerus and femur) are short, givnng a fast muscular drive, and 
the second segments long, swinging fore and aft over a wide angle In 
addition, the bones which he in the palm and sole are much elongated, 
and by thus running on its toes the animal adds a third functional seg- 
ment to the limb With further development of speed the toes themselves 
are lifted until they touch the ground only at their tips With the result of 
attaining solid stance, hoofs (“ungulates”) are developed A herbivore in 



A cross section of a low 
crowned cheek tooth 
and a higtKrow'ned tooth 
(riffhl) to st ow the set of 
folds of cement enamel 
and dentine 
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general no longer needs claws, and these horny structures become short 
and broad and surround the end joint of each toe. 

With the lifting of the feet into the ungulate position, it is obvious that 
there will be a tendency for the short side toes to fail to reach the ground 
and cease to function. In many ungulate groups these side toes are re- 
duced and the central ones strengthened. The “thumb” and big toe, w hich 
^vere short and primitively diverged from the others, usually disappeared 
early in ungulate history. Beyond this we find, as we shall see, two differ- 
ent types of toe reduction in hoofed mammals — one in which the axis of 
the foot lies through the middle toe, leading to the develoj)ment of tliree- 
and one-toed types, such as the horses and rhinoceroses; a second in which 
the axis lies between the third and fourth toes, leading to the development 
of two-toed, “cloven-hoofed” types, such as the pigs, deer, and cattle. 

The type of limb structure just described is that found in most small- or 
medium-sued ungulates. In large forms, such as elephants, a different 
series of problems is encountered, and the limb construction for the sup- 
port of a heavy weight is quite a different one The limbs ore compara- 
tively short, straight, and thick; the thigh Is long, tlie sliin short. The foot 
is broad; there is little tendency for loss of toes; these arc short and stumpy 
and usually have a pad beneath them, forming a stout terminus for the 
pillar of the limb. 

Speed is, of course, the best defense a harmless herbivore has against 
a carnivore But, in addition, we find defensive weapons in many ungu- 
late types. Some hoofed mammals, such as tlje swine or some of the small 
deerlike forms, have large stabbing canine teeth. Much more common, 
however, is the development of hornlike structures of one sort or another. 

EARLY UNGULATES 

Condylarfhs. — Hoofed mammals were unknown during the Age of 
iWes but made their appearance in considerable numbers even in the 
Paleoccne, earliest of Tertiary e|x»chs. Fairly representative of an early 
stage in ungulate history was Phenacodus of the Lower Eocene of North 
America and Europe. This animal reached a size rather considerable for 
the time, the largest species attaining Uie dimensions of a tapir. In general 
appearance it resembled some of the early carnivores, for the hotly and 
tail were long and the limbs fmrly short and primitive in structure. There 
are, however, good signs that tliis fonn was already on the road lowanl 
higher ungulate conditions, for nol only were the cheek teeth cxpandcti for 
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the chewing of vegetable food, but in the feel, while all the toes were still 
picscnt, each toe was capped by i smalt hoof 

Tills interesting form w as once believ eti by some to be the actual anccs 
tor of many of the later hoofed mammals This cannot be the case, for it 
is a bit too late in time (it was a contemporary, c g , of the early horses) 
and was also somewhat too large to fit into the early ancestral stages of 
most later lines But probably its smaller and less viell known Paleocene 
relatives of the order Condjlartlira were close to the stem of some of the 
later great ungulate groups 

Uintatheres — In many lines of mammalian development we mav con- 
trast “archaic” and “modernized” tjpts Thus, among carnivores, we have 
seen the development of archaic forms, the creodonts, which flourished, 
rajndly reached m many cases a very large size, and then disappeared 
quicklj when placed in competition with other forms of more progressive 
structuie So among ungulates we find arcliaic and progressive forms 
Some of the animals considered m the next chapter — the elepliants and 
various extinct South American ungulates — are essentially archaic tapes 
which, however, managed to exist for a long period of time Other large 
arcliaic forms which arose early in Tertiary times had less good fortune 
and soon died out Of these very' ancient forms the most spectacular were 
the uintatheres (order Dinoccrala) These were characteristic of Uie Pale 
ocene and Eocene By the end of the latter period some of them reached 
the size of an elephant These heavy types were not built for speed, the 
limbs were powerful, elephant like columns, all the toes were retained to 
brace a jiresumablv padded foot It is probable that the uintatheres were 
swamp dwellers but even so Ihcv needed protection against the larger 
contemporary flesh eaters Large upper canine tusks w ere dev eloped as 
weapons at an earl v date, and lo addition three pairs of hornlike structures 
projected from the top of the head Uintatheres w ere exceedingly small 
brained ty pes and their tooth construction also was too poor to stand 
any thing but tlie softest of food ilh the end of the Eocene this line be 
came extinct 

ODD TOED UNGULATES 

In the Eocene more progressive ungulates were already well started on 
their careers Alost prominent of ungulates from the Eocene on were two 
groups — the penssodactyls, or odd toed ungulates, and the artiodacty Is, 
the cloven hoofed or even toed types, these will be treated m turn 

Toe reductions in odd toed forms — ^The penssodactyls include, among 
bvmg hoofed mammals, the horses and their zebra and ass relatives, the 




Early ungulalet. Abate, a restoration of Phenacodut of the early Eocene, a very primitiv c, hoofed mammal 
with five toes. Below, a scene in the Bridget Basin of southwestern ^Yyoming in Middle Eocene time. 
Right, uintathcres, specialized hoofed forms with three pairs of horns and small brains. Orohipput, an 
early horse. (From paintings by Charles R. Knight, courtesy American Museum of Natural History, New 
York, and Chicago Natural E^tory AXuseum, respectively.) 





An archaic unsulata In the Paleocene there had already de\ eloped premature!) large ungulates of 
nhich Paryfamfidd pictured abo^e is representatne Tl isclums) and ponderous beast ran to a dozen feet 
in length Such archaic forms sv ere destined for rapid extinction ith the ad\ ent of more progressis e t)pes 
(Restorat on prepared under the direction of Drjan Patterson from the Chicago Natural History 
Aluseum ) 

The Malayan tapir similar to the South Vroerican form on the next plate 
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rhinoceroses, and the tapirs In addition there ivere tno interesting extinct 
famihes, the titanotheies md chalicotheres Characteristic of this group 
IS a type of foot symmetry with the axis tlirough the middle toe and a tend 
ency to reduce the toes from fi\e to four or three and, finally, m horses, to 
one In order to see how this type of toe reduction has worked out, try 
the experiment of placing your hand on a table m the fiat position of Uie 
primitive mammal Raise the wrist up off the table and the hand is m 


A B CD 




The r front feet of >anous odd toed UDguUtes A an Ol goccne running rhinoceros II a four 
toed Oligoccne true rfiinoccros C a later (Miocene) tbree'locd rhinoceros D U e gigsntic rhi 
noceros BaluckilMenum mUi a pillar like fool B a lapir F a tiUnolhcrc C Ue chaheot ) ere 
iforopit* T1 e thumb u absenl in all In some the liUle finger is present {0, E F,G) but tei ds 
to lie small and is lost in most rhinoceroses (I C, D) This results m a threc>tocd condition as in 
many of the (related) horses 

the position of a primitive hoofed mammal walking on its ioca As tins is 
done, it IS obvious that the tliumb soon ceases to touch If this were lost, 
your hand would be m the four fingered condition seen in tlic front foot 
of the dawn horaes or the living tapir Raise the hand a bit more, and the 
httic finger ceases to touch An analogous three toed stage is characteris- 
tic of most fosail lioraes and is still present in the rhinoceroses And, finally , 
getting the hand alraight up from tlie table, only the middle finger touches 
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You ha\c thus in a brief space of time repeated the essentials of the story 
of limb evolution in the horses from five toes to a one-toed condition. 

Horses. — The oldest of horses, Eohippus, the dawn horse, apj)ears at tlie 
beginning of the Eocene epoch; frequent remains of this tiny horse, no 
larger than a fox terrier, are found in deposits of that date in our western 
states. This form was already a slimly built little fellow witli quite long 
legs; but while toe reduction had already begun, tliere were still four toes 
in front and three behind. The cheek teeth of the dawm horse were still 
low-crowned and incapable of coping with much hard food; presumably 
he dwelt in the forests, existing as a browser (living on leaves and soft 
vegetation) rather than a grazer (grass- 
eater). Eohippus seems surely the begin- 
ning of the horse line but is probably 
close to the stock from which ha>e come 
the other odd-toed ungulates as well. 

Mesohippus, a typical Ohgocene horse, 
w'as bigger, the size of a collie or larger. 
The “little finger” had been lost, result- 
ing in a count of three toes on all the 
feet. By the Miocene the main line of 
horse evolution, leading to such forms as 
Parahippus and Merpehippus, was ac- 
quiring high-crowned teeth, suggesting a 
grass diet and a change to plains life. This 
is also borne out by the feet, in which 
the two side toes, altliough still pres- 
ent, were becoming slim and short and probably did not normally touch 
the ground A single toe is not well adapted to rough going but is an excel- 
lent structure on the hard surface of the plains. Htpparion and other forms 
which survived into the Pliocene were the size of a pony and lightly built, 
fast-running types. During the Pliocene epoch the side toes tended to dis- 
appear, and by the beginning of the Ice Age, horses of the modern genus 
Equus, with but one complete toe, were present on every continent except 
Australia 

Little Eohippus w’as present in Europe as well as North America, and a 
few aberrant descendants of his persisted for a time in the former conti- 
nent But otherwise the entire story of horse ev'olution right dowm to the 
development of modern one-toed types took place in North America, and 
during Tertiary times only a few types (such as Hipparion) wandered 



Eohxptmi *nd “Eokomo" (Ihe “d«wn 
hone” and the "dawn man"), a fanctful 
sLetch made by Huxley, famous English 
zoologist, on seeing the remains of tfae 
oldest horse Needless to say Uie two 
were not contemporaries — by 50.000,000 
>ears or so (From Schuchert and Le 
\ene) 
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now and then into the Old World. NaUve horses were present in North 
America throughout the Pleistocene Ice Age. Subsequent to Uie last re- 
treat of the ice, however, they became entirely extinct here. Tlie horses 
are only one of a number of large animals which lived in America during 
a recent period and have since vanished from this continent. In addition. 
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Thee\o]uUon of the feet in bor<)C* \11 of UtenghtudeifitHitfeetoior#, hind feet bdow The’ ihuiab’’ 
has disappeared m e>cn the earliest knoMn horses EtAtppm, a pnmiliie txiccne fonu uiUi four 
toes m front and three behind, ff. iliokipjfu*, an Oligoecne Ihrcc-tocd horse, C, MrTpchipp\i$, a late 
Miocene form mth reduced lateral toes, D, Equtu of the Plckstoceue and Recent. ( f after Co|>c, It, C, 
after Dibora ) 

ground sloUts, glyptodonts, giant armadillos, camels, mastodons, and 
mammoths all inhabited the United States not so many tliousands of 
years ago. ^Vllal caused this mass extinction of large American animals 
(^vhile not touching the smaller forms) \\c do not know. The plains of the 
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Americas are todaj quite \\ell adapted for horse life, and, when reintro- 
duced and allowed to run wild, horses (and asses) have flourished there 
as feral forms It was once thought that the vicissitudes of life in the Ice 
Age might be responsible for the disappearance here of horses and other 
native forms But the evidence suggests that most of them survive<I 
through all the glacial advances and gave up only when the ice retreated 



Cro \n \ic ' of ll c upper cl «k Iwlfi (molars incl prco>ohfs) of i Ehi/int II tl e n oJern 1 orw 
genus Tt e-<e ar« of tl e rigl I si le uitii ll e front f tl e iiioulli to tl c r t 1 1 o si ti{ le six 

cusped teeth of Fokii elongated and ear l»e«l « to a 'crj to 1 1 cnivd j at lent 1 1 tl e re«nt 

forms Tl e tl rce teeth to the left Are ll e o otars Tl e>e ' ere oirea !v f rl> cll dcatlojied in tic 
ear1> 1 orses In modern 1 orscs tl rce of tl e more a ter or teeth (pre lolars or I U-p U ) late 
^a ned a forii «i lar to ll at of tl « molars 
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Tie kulU of I Evk/iut n Equti! a mcxlern t>pc ( f I orse 1 the course of 1 or>e eaolulion with 
tl e lengtl eni g of the tooth row ai d tl e deaeiop ue t of h ghKiro \i ed teetl tl e face lias hccomc 
a ery much elo gated proportionateir and tl e ja si ludi deepened to accommodate ll e teeth 

for the last time and happier dajs were returning The onl> change in 
the \merican scene was the appearance of man He is not directlv re- 
sponsible for their disappearance bj hunting them down and ehtermmat 
ing them, although he may have killed a small fraction of the population 
But perhaps his appearance may in various ways have upset the balance 
of nature and more or less indirectly led to their downfall 

In Eurasia wild horses were verj common in the Ice Age, todaj » except 




Ths ske!«ton of a raco hone (Sysoaby) to show some of the features of fast running ungulates The 
proximal joints of the legs arc short resulting inapo^erful drive The second joint is longer ^hvditat^^ 
for a long fore>and*aft swing The meUpodials 0>ones of palm and sole) are much elongated giv ing a third 
segment to the hfflb and the number of toes is reduced (Fhioi a mount by S H Chubb in the American 
Museum of Natural History New York) 



Topm Tlicse animals hill c 
specialized in relatively 
large sue and heavj bi»ld 
plus the deiclopment of a 
protruding nose but 
tec'll feet, anilorcst-dw*^ 
ing habits they greatly re 
scmble the earliest hofies 
and oUicr pnmitne odd 
toed ungulates (pcris&oJac 
t>ls) \n earlier plate luu 
shown the 'Matajan tapir 
ailheU/t a bouUi tiuencan 
form mill its ^oung {Uolh 
tapir photographs courtesy 
New lork ^aukgical bo 
cict> ) 





Horses, ancient, “medieval,” ftnil modem. (A series of paintings by Charles R. Knight.) 
Top, the danm horse (£nttj:>piu) of the early Eocene, about fox-terrier sire. CetUeT,Mfa- 
ohippua, a three-toed horse of Oligocene days, about as large as a collie. BotUm, 
Przewalski’s horse of the stq>pes of Asia, the only living wild specie of horse. (Photo- 
graphs courtesy American Museum of Natural History, New York.) 
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for aome feral types, the horse appears to be represented only by a rare, 
shaggy-maned pony-like form from the stepj>es of central xVsia, named 
“Przewalski’s horse” after its discoverer. The tarpan, more common and 
i\idespread in the Asiatic wastes, is generally believed to be a feral — i.e., 
secondarily wild — form, descended from once domesticated progenitors. 
In Africa, the zebras, very similar to tlic true horses e\cept for their striped 
skin, are still fairly abundant It has been suggested that many of the 
Pleistocene fossil horses of both heinispliercs may have been strijicd zebra- 
like equids rather than horses in the narrow sense Wild asse» are to be 
found over the more arid regions of western Asia and northern xVfrica. 
The Asiatic asses range from Syria castivard to Mongolia, the African 
form is niore limited in distribution, essentially the regions of the Sudan 
and Ethiopia east of the Nile to the Red Sea. The ass appears to liai c been 
domesticated in the Near East at an early NcolitJiic date Domestication 
of the horse seems to ha\c been alaleruccomjilishmentby the tribes of Uie 
steppes of southern Russia and central Asia; when first mentioned in 
Mesopotamian history, it is termed “the ass of the mountains,” carrying 
barbaric invaders from the north Use of the horse (at first for drawing 
carts and war chariots, only later for riding) appears to lia%c been re- 
sponsible for the successful development of nomadic life in the Eurasian 
steppes and in great measure responsible for llio successful invasion by 
barbaric Indo-European nomads of the more civilized regions to tlie south. 

Tapirs. — A much less prominent group of odd-toed ungulates is that of 
the tapirs. Today their only living rcprescntativ’cs are confined to the 
tropics of South and Central America and the Jlalay region. We have, in 
earlier cliajitcrs, noted similar cases of “discontinuous distribution” of 
animals in Ne%v and Old World tropics, and hence arc prepared to fmd — 
as is the case — that in the Tertiary tapirs inliabitcd North America and 
Europe; the cold of the Pleistocene appears to ha\e been rcsjioasible for 
tUcw iw worUwvw latitudes. The taplts, e\cept Cur 

their somewhat larger size and stockier build and the development of a 
pendant snout, are in many rcsjiccls quite close to the ancestral hor>e 
types. Like the earliest horses, the living tapirs have four toes in the front 
feet and three behind; like them, the teeth are low-crowned; and the tapirs 
today are persistently forcst-dwcIling browsers. Tiiesc forms have depart- 
ed least of all tlie o<Id-to«l ungulates from the primitive stock of the 
order. The largest form is llie Malay tapir, winch may reach eight feet 
in length; Uic several American species arc smaller. The Malay form is 
conspicuously colored, the front part of the body is black to brovMi, tlie 
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rest white, the American forms are nearly uniformly brown Tlit tapirs 
frequent stream banks and often take to the water wlien jiressed 

Rhinoceroses — The rhinoceroses of tlic Old World tropics are llic living 
remnants of a once important group of odd toed hoofed mammals 'Ihcj 
are large, ungamlj , three toed creatures with one or two horns on tlic lop 
of their long low skulls and a reputation for stupidit> and bad temper 
The horns are of a peculiar structure They consist not of true horn or bone 
but of a bundle of hairs “glued” together into a compact mass 1 he incisor 
teeth in the front of the mouth are peculiarly modified, and lost entirely m 
living African species, mobile lips replace tliem m croi>pmg vegetation 
Far different were llie earliest rlimoccroscs, which ajipeared m the Eo- 
cene as contemporaries of the early horses These were comparatively 
small and slim "runmng rhinoceroses,” seemingly much like tlicir horse 
relatives iii build, hornless, and at first wiUi four toes still present on the 
front feet In the following penod there had evolved somewhat more nor 
mal three toed rhinoceroses of larger size and heavier build Horns, how 
ever, were slow to make their appearance and were absent in many early 
types 

Baluchiiheruim an Ohgoccnc hornless form recently excavated m cen- 
tral Asia, was perhaps the most remarkable of all rhinoceroses This am 
mal w as some sev enteen feet m height and was proportioned like a hcav il> 
built giraffe It appears to have been tJie largest of all terrestrial mammals 
but was, of course, considerably smaller Uian some of the dinosaurs 
There were many variants among the older rhinoceroses, short legged, 
water living forms, for example, and the woolly rhinoceros of the Ice Age 
m Europe, whose warm shaggy pelt is made known to us not only bj the 
drawings of cavemen but also through the fact that two of these forms 
hav e been found “pickled” entire m a Galician oil seep Rhinoceroses w ere 
present in North America as well as m the Old World until tlie end of the 
Tertiary Today they seem to be a dymg group, close to extinction 

Living rhinoceroses, none abundant, are confined to the Old ^^’’orld 
tropics Three forms are present m the oriental region The great Indian 
rhinoceros, a grass eater, bears a smgle broad based horn above its nose, 
it IS now found only m the plains of the Assam region This rhinoceros has 
the most grotesque appearance of any member of the group for its thick 
skin, studded with warty protuberances, is divided into a number of areas 
by deep folds, givmg the animal the appearance of being covered witli 
riveted plates of armor A small relative with similar build is the Javan 
rhinoceros, which actually ranges bom Bengal through, tlie ilalay region 




The zebras are T/rjcan /orms 
v^ljidi except for their slnpctl 
skins arc almost mdistmgutsh 
able from horses and asses 
The species shonn is Grants 
zebra (Photograph courtesj 
Nen \ork Zoological Soc/elj ) 



The Indian rhinoceros V soung 
female m nhich the horn is 
not del eloped but its swollen 
bonv base is Msihle oxer the 
nose The Indian and Jaxan 
rhinoceroses arc one horned 
and liaxe a folded skin resem 
bling armor other Jiving rhinos 
of Vfrica anil buinalra are txxo 
homed and have a smoother 
skin (1 1 olograph courtesy 
Nexx \ork Zoological bocicl> ) 



An extinct running rhinoceros 
Uyracodon of the 01 goccuc 
Earl) rhinoceroses were horn 
less often rather shmlj built 
and coniparal le to their cous- 
ins Uie J tirsej in geticraJ op 
pearance ( V restoration bv 
Cliaricsit Knight photograph 
counes> \mencaii Mu.eum of 
Natural liislirj Sew \»tk) 


Th* Iorg««> (and animal. Daluekit/urium, a giant, hornless, fossil rhinoceros of the Oligocene of ,^ia, u 
the largest animal knonn nhicb nas a land dweller. It u, of course, exceeded in size by some whales, and 
some of the sauropod dinosaurs (as Brontosaunu) were larger but were ob\iously not true land forms. 
BaluchiUurium specimens vary somewhat in size; the largest known individual appears to have been 
about 17 feet high at the shoulder and 27 feet in length. The skull was about 5 feet long but was (as may 
be seen from the restoration) rather small for the animal. (Restoration byMrs. £. R. Fulda; photographs 
courtesy American Museum of Natural History, New York.) 






spite their rclationaliips to horses etc , liave powerful claws rotlirr Ilian hoofs Tlic claws indicate that they may ha\c dug for tubers, on the other 
hand the long legs and neck suggest that they browsed from tree branches os stiowii in the painting Lrjl, a pair of rhinoceroses (Diccrol/icniim), 
peculiar m that the horns were arranged side by side on the nose Bchmd them contemporary smalt three toed horses (/’aro/iippua) and m the back 
ground a group of slender gazelle camels {SUnomylui) Ucmains of animals of tins age arc abundant in northwestern Nebraska, parlicularlj at the 
famous Agate Springs quarry on the Niobrara Iliver (Irom a mural by Charles 11 Knight, bj permission of the Chicago Natural History Museum ) 
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to the larger East Indian islands Tlie Sumatran rhinoceros has the same 
range, except that it does not reach Java, it differs not inere)> in having 
a smoother skin but m having a small horn on the forehead m addition 
to that on the nose 

Two furtlier rhinoceroses are present in southern and eastern Africa, 
both now much restricted m numbers They are related forms and, like 
the Sumatran species, have a relatively smooth skm and two horns (tlie 
nasal liorn may be long and sharplj pointed) There are two sjiccies, 
termed, from their skin color, the black and the white rhinoceroses (the 
latter actually a rather dirty gray) These are big fellows, particularly 
the white species, which are tlie largest living land mammals except the 
elephants, reaching a length of fffteen feet and presumably having a live 
weight of several tons The black rhinoceros is a browser, the while form, 
a grazer Despite their awkward appearance, the rJiinoceroscs can travel 
rapidly, with a swinging trot which may break into a gallop, the while 
rhinoceros is said to be especially swift 

Titanotheres — An interesting fossil group of odd toed forms is tint of 
the titanotheres (“titanic mammals”) These began m the Eocene with 
forms of somewhat liorselikc appearance But there was a rapid tendency 
toward extremely large size and a ponderous elejihantine build (four and 
three toes w ere retained on the front and hind limbs, respectiv el> , of llicse 
forms to the end of tlieir history) Slow of speed, these big herbivores seem 
to have been a source of prey for the larger carnivores of their dav, and 
in relation to iheir needs for defense we find that in a number of distinct 
types of titanotliercs paired bony horns appeared over tlie nasal region 
These forms were almost entirely confined to Nortli America At the be 
ginning of the Oligocene, giant lilanolhcres were the commonest of mam 
mals m the western part of this country, and fossil remains of them ire 
verv abundant in the lovver Icveb of SouUi Dakota Bad Lands But, fol- 
Jon iitg thvi ehinak in <Ie\ ehpmeat of size and numbers of t/ie group the} 
disappeared abrujitly from the fossil record A possible reason for txtinc 
tion IS the fact that tlie teeth of these forms were suitable only for Uic 
softest of plant food, a slight change m vegetation may have been enough 
to cause their undoing 

Chalicotheres — A final group of odd toevl ungulates ts that of Uic cliali- 
cothcres, now quite extinct also but not uncommon during the Tertiary 
In general structure these forms were not dissimilar to the horses, while 
Uicir teeth were quite like those of titanotheres On both counts we must 
place them m the group of odd toed hoofeii m unnials But their feet are 
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of such a character as to belie the name, for the toes terminated not in 
hoofs but in huge claws So unexpected is such a feature in an ungulate 
group that it was long argued that we could not include them among the 
odd-toed forms. But belong here they do. Seemingly, the claws were an 
adaptation for digging out roots and tubers which may lia\e formed a 
major part of their diet. 

All in all, Uie odd-toed ungulates ha\e not proved a success. In the 
early days of mammalian history they were numerous and widespread. 



A “family tree’ of the odd toed ungulates (Frooi Romer, The I'rrtehrale Hudg, VV. B Saunders 
Company ) 

But today two of the five grtraps axe entiteiy extinct, and the tapiis and 
rhinoceroses are greatly reduced in numbers. The horse family has held 
its own, but even here wild forms are none too common, and the advance 
of machinery is making inroads on the numbers of our useful domestic 
horse. 

EVEN-TOED UNGULATES 

Much more successful, in modem times, have been the even-toed un- 
gulates or artiodactyls. These forms were not as common as their odd-toed 
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rivals in the earliest days of ungulate development, but they have become 
increasingly prominent during the course of the Age of Mammals and 
seem to be at the peak of their development at the present time. To this 
group belong the common large food animals and a host of wild ty])es — 
j)igs and i)eccaries, the hippopotami, camels, deer, giraffes, cattle, sheep, 
goats, and antelopes 



A famkiy tree of the e^en toed ungulates (arliodart^ls) The major cleat age u into the ptg group 
(ftfl) and thecud^chcucrs, or ruiiiinanU (right) Among Uic latter the caincU appear to liax'e diverged 
at an earlj date 


Toe reduction In even-toed forms. — To gain an idea of the tjpc of toe 
reduction encountered in the c\en-loed forms, try again the “cviicrmicnt” 
of hand-hfting mentioned previously for oild-toed tj pes. After Uie thumb 
haiv lifted, the hand is in a four-toed sta^, oa tvas the case in many early 
members of the present group and is still characteristic of Uie pigs and cer- 
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tain other living forms. If, with four fingers touching, these be sliifted 
about until they rest comfortably on the table, it will be found that tlie 
two central ones (third and fourth) project somewhat in advance of the 
others, and, if the hand is lifted fartlier, these two alone touch, and the 
second and fifth are raised from the table. It is this type of toe reduction 
that has taken jilace in the higher even-toed forms; the cloven hoof of the 
sheep or cow in reality consists of two closely applied toes, the third and 
fourth 

Another characteristic of the artiodactyls which is even more distinctive 
is to be seen in the skeleton of the hind foot. In all mammals the proximal 
bones here are the heel bone (calcaneum), with its backw ard projection for 



The right front feet of ^a^toui e^en toed ungulates A. an oreodon, 1), a primittve ruminant, C, a 
p«car> D a pru&Wwe deet, £, a cAmcl Tl>e“thuinV’ -sva* rapidly 5osl, and the fool tended to be- 
come four toed « ith toer 2 and 3 more prominent The lateral toes become reduced to “dew claws” 
or disappear, leaving the two center toes as a "cloven lioof." The two bones supporting tliese toes 
(melapodiaU) fuse in most cud-chewers to forni a cannon bone 

attachment of the calf muscles, and a second bone, the astragalus. This 
forms the mam connection between leg and foot, and its upper end is 
rounded, frequently with a pulley-likc surface, to afford free movement 
of the foot on the leg In artiodactyls alone among mammals, the lower 
end of the bone as well as the upper has a surface of this sort, rendering 
members of this group unusually agile in running and bounding mov'e- 
ments of the hind legs 

The first even-toed types appeared in the early Eocene, but it was not 
until the close of that epoch that they became prominent members of ani- 
mal society From the first tliere seems to have been a distinct cleavage 
into two groups, the swine and their relatives, on the one hand, and the 
cud-chewers, or ruminants, on the other. 
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Pjglike artiodactyls — The pigs and tlicir relatives are the most pnmi 
tive of living even toed forms in manv ways They are still four toed am 
mals (although the side toes are much reduced), and the limbs are little 
elongated not much speed has developed The diet of the pig is still of a 
rather primitive, omnivorous type, in contrast to their more advanced 
ruminant relatives swine will eat anything from potatoes to rattlesnakes 
The true pigs have large canine tusks these usually curl outw ard and ev en 
upward at the side of the skull The cheek teeth, in relation to their diet, 
are (like our own) low crowned A peculiar pig feature is the flat, disklike, 
inquisitive tip of the snout 

The most typical pigs are represented by Oie wild boar, still ranging 
from the wilder forest areas of Europe eastward to Asia and northern 
Africa and with close relatives m Uie oriental region and eastern ^Vsia 
The wild boar appears to be the species from which the domestic pig 
derives Domestication appears to have taken place m southwestern xVsia, 
and pig remains are common m Neolithic sites in this area Curiously, this 
IS the very region where the Jewish and Mohammedan dietary laws were 
formulated, forbidding tlie eating of pork It is interesting to speculate os 
to whether tins religious prohibition arose with any realization of the dan 
ger of infection bv the trichina worm through eating imperfectly cooked 
swine flesh 

In Afric*! the busli pigs depart from the Ij'pical pig pattern to some <lc 
gree and in that continent is found the wart hog a distinct pig tjpe of 
hideous appearance its name is due to the iiresence of large wartj pro 
tubtnncts on the sides of the massive head An aberrant form i* the 
babirusa of Celebes Here the tusks do not merely turn sidewajs but aclu 
allv turn straight up and pierce through the top of the nose as a peculi ir 
tv))e of horn This might be considered as a useful adaptation if the tusks 
stojipcd there but tliej do not They conlmue growing and curve back in 
a Slur'll in front of tlie eyes Such a seemingly useless end product of a 
seemingly useful develojimcnt constitutes one of the many jiuzzlcs with 
which the student of evolutionary processes must deal 

Closclv related to the pigs arc the |ieccaries, small and more hghtb 
built forms in which (os a distinguishing feature) tlie tusks grow straight 
downw uxl in normal fashion the stoiiiacU is somewhat complcv m build, 
os if foreshadowing the conditions seen in the ruminants (to be jirtstiillv 
described) Pecc iries passed llicir carlv hislorv in North Vmtnca, and 
even during the Icc ^gc thej were numerous as far norlli is Michigan ami 
Marjlind iodav the peccaries ait, mamlv found m bouth Amenci, al 
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though one type ranges as far north as Texas. The peccaries are forest 
dwellers. The collared peccary, which reaches Texas, is a small and in- 
offensive form, which usually travels in family groups or small parties. 
A second species, ranging north only to Central America, is larger, rela- 
tively fierce, and often roams the country in large and dangerous herds. 

A distant ally of the snjne is the hippopotamus, a large water-living, 
piglike type now found only in tropical Africa but in the Pleistocene in 
regions as far removed as England and China. The hippopotamus is a 
large animal, with weights up to five tons or so, a barrel-like body, and 
short but stout limbs. Its large 
and homely head has a broad 
muzzle of enormous gape, suitable 
for taking in large masses of the 
pulpy water plants on which it 
feeds. The animal is primarily a 
water dweller; its eyes, cars, and 
nose are situated high uj) on the 
The .kull Ol Ol.gocn. gum p.g *“'■ «> that the animal functions 

(Aenum) The use (if any) of the bony knobs on well wlicn nearly fuIIy submerged, 
the ]aw and below the eye socket is unknown xhe trunk and limbs are radically 
Thisskull wasabout ll feet long, some Hereabout , .y . , ...... 

th„ .a. (tti,, Lott ) different from anything which one 

would expect in an aquatic form, 
giving warning to the paleontologist in his efforts to interpret the mode 
of life of extinct animals from their bodily build. 

In the region of Liberia there is a distinct species of pygmy hippopot- 
amus no larger than a pig when fully grown. In the Ice Age similar pygmy 
hippopotami lived on the Mediterranean islands — Sicily, Malta, and 
Cyprus Island life has been seen to ha\e an effect in selection for small 





size in various instances such as this, and we may note in passing that as 
contemporaries of these pygmy hippos on the Mediterranean islands there 
were pjgmy elephants, the smallest of a size which would make it as 
reasonable a house pet as some of the larger races of dogs. 

Hippopotami are unknown before very late Tertiary times, and their 
pedigree is uncertain Ho^ ever, in middle Tertiary times there w ere abun- 
dant remains, mainly in Eurasia, of anthracotheres, which had a somewhat 
similar build except for a narrower snout Possibly these were the ances- 
tors of the hippopotami 

There are several additional extinct groups of animals which are allied 
to the swine Most prominent of these fossil forms were the “giant hogs” 


African rhinoceroses Ihe 
Indian rhinoceros is shown 
m an earlier plate thel^o 
African species are figured 
here The skm is relat)%ely 
smooth ^\ltllout the ar 
mor plate effect of the 
Asiatic form and two horns 
are present The upper 
form IS the black rhmocer 
os the lower the rare white 
rhinoceros a larger form 
which may reach a height of 
C} feet at the shoulder 
The \fncan forms are 
further distinguished by 
lacking incisor teeUi so that 
they pluck their vegetanan 
diet with the lips IlbiQoc 
eroses are sometimes called 
living fossils the odd 
toed group of mammals to 
which they belong having 
largely disappeared (New 
\ork Zoological Society 
pliolographs ) 








The wart hog an ugly tfri 
canrclalneof Uiepjgs with 
a large head long muzzle 
long tusks and warthke 
growths below and in front 
of the ejes (New \ork 
<^OOlogical Society photo* 





Piglike ungulates The swine are the 
characteristic members of a suborder 
of even toed ungulates the Suma m 
wliicli the cud clicwing habit of the 
ruminants is not developed and m 
w hicli the feet have typically four w ell 
developed toes 

In Vmerica the pigs are represented 
by the peccaries {left (op) not uncom 
mon in the tropics and found as far 
north as Texas They are distinguished 
by the fact that the upper tusks (ca. 
nine teeth) are not cursed upward as 
they are m the true pigs 

The babirusa {een^^r) is a peculiar 
pig from the Celebes m which these 
upper tusks are highly specialized they 
force their wray upward through the 
roof of the snout and curve backward 
so far that tlieir utility as weapons is 
mucli reduced 

The hippopotamus is a lubberly am 
plubious relatu e of the sw me In oddi 
tion to the familiar large hippopota 
mus (seen asking for a peanut bcfoir) 
there is a p>gmy hippopotamus m 
Liberia U the lower left is an adult 
female of this speoes and her offspring 
(Photographs courtesy Is e\v \ ork Zoo 
logical Society ) 
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(enlelodonls) of tlie OJigocene and Miocene. These were anin?als of large 
size, one form being about as large as a buffalo. The giant liogs were rather 
more j)rogressive than tlieir porcine relatives in their limbs, wljich were 
fairly long and in which tlie toes had been reduced to two. Peculiar flanges 
of bone grew down from tlie sides of the skull and jaws, suggesting a rc- 
pulsi\e appearance; that their dispositions were none too good is sug- 
gested by the fact tliat some fossil skulls show wounds apparently inflicted 
by the anmial’s owti kind. 

Primitive ruminants. — The pigHke forms described abo\c constitute one 
division of the even-toed ungulates; the other, and much more imporUnt, 
division of the group is that of the ru- 


minants, or cud-chewers. These forms 
are, in contrast to tj^iical swine, jiure 
vegetarians In all the living mem- 
bers of this group tlicre is a compli- 
cated stomach, generally with four 
chambers. Food when first cropped 
enters, in a typical ruminant, Uic first 
two chambers; it is there rcducetl to 
a pulp It is later, at leisure, returned 
to tlie mouth, the “cud” chewed, 
and then returned to further stomach 
compartments to continue its diges- 
tive travels. The side toes have tended 
to disappear fairly rapidly, and living 
members of the group have but two 
functional digits, although the lateral 



A section tbrough the stomach of a con, to 
shoH (he various chambers Food enters the 
first (AO clu>ml>ers frumen and reticuluoi), 
later, after the cud u returned tr> the mouth 
and chevird, it re-enters the stomach, pro* 
cceds through Uie other two chamber* (oma- 
sum and abomnvum), ond then (through the 
pylorus) goes into the intestine 


ones may be represented by icstigial 

“dew claws.” In tlie i>igs the two long bones of the foot w Inch support the 
toes reinain more or less separate, in ruminants the two arc nsnally fiisttl 
into a single structure termed a “cannon bone.” In the earlier periods of 
the Tertiary there was a great abundance of j)riniiti\c ruiiiinanU, an- 
cestral as a group to later forms but most of tlicin representing sterile 
side branches of the ruminant stock. Fairly characteristic of these early 
forms W’cre the oreodonts, which, judging by the abundance of their re- 
mains in the ^Yhltc River Bad Lands of South Dakota, must ha\e 


swanned tiie western plains in enormous numbers in Oligoccnc times. The 
oreodonts are often called, for want of a belter name, "ruminating swine,” 
for the limbs ucix? rather swinclikc, but the teeth were similar to those of 
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hvjng cud cheuers The body wasstodvily built, the limbs short and with 
four good toes The teeth, on the other hand, show a pattern in which each 
cusp had a crescent like shape — a feature repeated in all modern rumi- 
nants 

Camels — E\cn while the oreodonts and other primitive cud chewers 
flourished, higher ruminant groups were emerging The earliest group to 
develop — and the one most distinct from other ruminants — is that of the 
camels and llamas The camels, as we know them today, are Old World 
desert dwellers of large size, with ahum|> (or two) as a reserve food supply 
on their backs There are but two divergent toes on the long limbs, bear- 
ing a pad beneath them for belter support on soft sands There arc two 
quite distinct living species, both domesticated The dromedary, the 
larger of the two, with but a single hump, is the basic element in the cul- 
ture of the nomadic Arab and is widely used in the desert regions of soutli- 
west -Vsia and northern Afnca The baelnan camel, with two humps, 
sliorter legs, a stockier build, and a more hairy coat, is better adapted to 
colder, rockv, and hilly country and is found throughout central Asia 
to western China and southern Siberia Ncitlier type is known in a wild 
state, and, cveept for a few Pleistocene remains, tlicrc are no fossil camels 
in the Old World 

The llamas and related South American forms are quite different in ap- 
pearance they are mucli smaller mountain and plains dwellers, lacking a 
hump and covered with a thick coat of wool They are primarily natives 
of the \ndean highlands There are two wild s])ecies, the little vicuna, 
restricted e'*‘>entially to the high mountains of Peru, and the larger guana 
CO, which ranges south to tlie islands of Tierra del Fuego and is common 
m the temperate plains of Patagonia Few native American animals were 
tamed by the Indians, but the relatively highly cultured inhabitants of 
the central Andes had two domestic beasts derived from the giiamco 
The true llama was primarily used as a beast of burden or a riding animal 
but also formed a source of meat and wool and is still important m the 
economy of the natives of the liighland country The alpaca is a con 
siderably smaller animal, bred for the sake of its long fine w ool 

Despite the differences in their appearance and habitats, camels and the 
llama group are closely related Tlie clue to their distribution lies in the 
fact that North America was their original home The little early camels 
of the Oligocene and "Miocene were remarkable for the rapiditj with 
which the side toes were lost and the limbs lengthened Presumably the 
hump IS a very recent acquirement m camels, the older members of the 



A chevrelain or mouse deer tiny 
Old Morld tropica] animals ulitdi are 
ruminants but of a pnmitne sort 
close to the ancestry of more ad 
vancedcud cliewers The form sLoivn 
here {Tragulua) is from the Malay re 
gion a second genus is present m 
Mnca (This is a stuffed specimen 
couldn t hnd a photograph of a live 
or better looking one ) 


Camels, although once natives of 
North America arc now inhabitants 
of the Old ^\orId Right the two 
humped bactrian camel loner right 
the dromedary of Arabia (Photo 
graphs courtesy New York Zoological 
Society ) 


The Ifama of the \ndcs (below) is a 
bumpless member of the camel group 
descended from North American an 
cestors (Fhotograpli courtesy kmer 
lean Museum of Natural History, 
New York) 




The annual replacement of th^ ontlers of deer A senes of pbolographs of an American elk or wapiti 
(Certus canadensu) at \anous ^e'lgoaa of the ^ ear l/pprrfc/f, winter The antlers de% eloped the previous 
jear are still present Upper early spring The antlers have been lost by resorption of bone at the base 
(thewinter coat IS abo being sh^d^ iou’crfr/f.latespnng Tlienewantlersaregrowingrapidly Lmcernght, 
summer The antlers are fully ^pown but stiff cos ered with skin (\elset), which will present!} dry up and 
be nibbed off (Photographs JVVw ycri ZeoJqpjcaJSocietj'} 



The ' Irish elk," named 
from the fact that the best 
remains are from Irish bog 
deposits This extinct Euro 
pean deer had the most 
ponderous antlers of any 
known deer Although Ui^e 
would seem to be a handi 
cap, the animal was abun 
dant in Europe m the Ice 
Age (From a mural by 
Charles R Kiiight, photo- 
graph courtesy Chicago 
Natural History Museum ) 
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family appear to have been jilains and glade dwellers ratlier than desert 
types. Among the Tertiary camels of North America w ere a number of 
distinct types, one small form having the slender build of a gazelle, 
others developing not only long legs but a long neck similar to tliat of 
giraffes. 

By Pleistocene times the llamas had gained their present home in South 
America, and true camels had migrated to Asia. Camels, however, per- 
sisted in the Southwest of this country until comparatively late times. 
^\Tiy they became evtinct is, as in tlie case of the horses, a mystery, for 
camels were found to be well adapted to the southwestern deserts when 
reintroduced there by man 

Chevrotains. — The most pro- 
gressive and successful artiodac- 
tyls, such as the deer and cattle 
families, are generally set off from 
the rest of the cven-toed ungulates 
as the Pecora ^ They are character- 
ized by such features as the usual 
presence of horns or antlers, the 
complete fusion of the upper bones 
of the feet to form cannon bones, 
the incomplete nature of the little 
side toes, the full development of 
the complicated stomach described ^ ^ 

earlier, and the loss of the incisor the Pliocene of America Dcscciidctl from the 



teeth from the Uliper jaw (these P««*«J»einotise.d«:rstock,Uiisfoftuluwocqaired 
„ • 1 , 1 1 -I /p .1 ^ 'horns’ « ha\c oilier adianccd t>pcs. but ba* 

ammakdonotbiteofltheirgrassy p.„ 

or leafy food but tear it off, grip* obo\e the nostrils (After Slirton ) 
ping it between upper lips and 

lower teeth). But before describing the typical jiecorans, wc must men- 
tion some primitive relatives of theirs, tlie chevrotains, or mouse deer, 
of the Old AVorld tropics These arc Uny, timid forest browsers, none 
mucli bigger than a hare or rabbit They have no horns or antlers, but 
their sharp upper canine teeth are elongated as weapons, and Uiey arc 
more jirimitiv e than the pccorans projier in such technical features as the 
less complete fusion of the cannon bones and Uie retention of complete, if 


'Thun^meuiDrrel/A I.alin onerTfcmug tocalUf.our terra *'p«-umar>’' is *lso derived from it, 
owing to the fact that the older Ilooians, bhe the raodem Kaillrs, measured tlicir wealth b/ tlie 
number of cows they owned 
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tmj Side toes Sc\eral sj)ecies are present in the Malay region md an 
other form survives on tlie west coast of Africa 

Ihese mouse deer arc living relics of a group which flourished greatly 
during Ohgocene times Some of these older forms were verv similar to 
the chcvrotains in size and structure Others weic beginning to branch off 
into various lines of specialization Certain of these branches are extinct 
others have led to the existing families of higher ruminants described be 
low In most cases there was a tendency toward increase m size ind 
while a number of earlv forms had canines as defensive weajions most of 
the advanced tvjies tended to develop horns of some sort or oUicr Of the 
extinct groups we niav mention as an example one in which several pairs 
of horns started to develop along the length of the head and m winch the 
dominant pair came to be in Synthctoceras over the nostrils rather than 
m the more usual jiosition on the forehead 

Deer — In the tvpical jiecoran families to which we now finall> arrive 
the cannon bones m the feet are alwa>s long and perfectly formed the 
side toes never uioie th in tmy vestiges the ruminant stomach fullv ]>er 
fected — m other words tlitse ungulates have reached the full develop 
ment of the locomotor and feeding characters winch have made them tlie 
dominant hoofed animals of modern limes There are four families repre 
sented bj the deer giraffe American piongbuck and the cittle tribe 
the first two tjpes are browsers the last two grass eaters tliree are basi 
cally Old orld tv^)es only the prongbuck being a native Vmcncin Ex 
cept for some of the smaller deer all have horns or antleis of some sort 
The deer orcervids have been a comparatively conservative group as 
far as habits are concerned for(wilhlow crow ned teeth) thev havemam 
Ij remained browsers and have rarely left the forests which appear to 
hav e been the original home of the higher arliodactj Is They are essential 
Ij animals of the Temperate Zone some are present in southern ^Vsia but 
none have reached tropical Africa while on the other hand they have 
extended tlieir lange mto the tundras and barren lands of the Far Jsorth 
A most obvious feature of deer structure is the development of antlers 
^\e sometimes speak of a deers horns but properlj sjieaking a horu 
should be covered as is a cow s with actual horn — a hardened skm ma 
terial identical m nature with our fingernails In the case of tlie deer there 
is no such structure the antler consists of bone alone During the antlers 
giowth it is covered by soft furry skm velvet but this dies and is 
rubbed off when growth is completed Antlers differ from horns in two 
other features A true horn is a single structure although it may be v m 
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ously twisted or coiled, whereas in many deer tlic antlers are divided into 
a considerable number of branches, or tines. A still greater difference is 
the fact that horns are permanent structures, but antlers are shed. E\ ery 
year the antler breaks off at the base, or burr, and then grows anew’ to 
larger size and greater complexity. This seems a very wasteful feature 
when we think, for example, of the great amount of food which must ha^ e 
gone yearly to built up the gigantic antlers of the great extinct “Irish elk” 
(with a spread of antlers of as much as eleven feet, whose remains are 
common in Irish bogs). 

^Members of the deer family are highly varied in such features as size, 
antler development, and range, and some of the more prominent forms 
may be briefly mentioned If we are to use the word “deer” in any narrow' 
sense, the forms to which this term most properly applies are tJie red deer 
of Europe and its allies This is a large form, with well-developed antlers; 
a distinctive feature of this animal and its closer relatives is the fact that 
near its base each antler sends a stout branch forward over tlic forehead — 
a “brow tine” (lacking, for example, in the typical Aiiiencan deer sjiccics 
and in many other forms). The red deer has many close relatives in the 
Old World, including, for examjile, the deer of the Indian region— the 
sninbur and axis deer among others — and furllicr species in eastern ^Vsia. 
A second common European form related to the red deer but of smaller 
size is the fallow deer, a native of the JMediterranean region but intro- 
duced into more nortliem countries. One member of this brow-tined 
group reached America — the large wapiti, often misnamed “elk,” of the 
west. 

Tile one European deer that lacks the brow tine is tlie roe deer, a form 
of small i>ize with small and simple threc-tined antlers All American deer 
likewise lack this brow development and seem to form a special subcalc- 
gory of the family Largest of native American forms are the common Vir- 
ginia deer of the eastern United States and the related white-tailed and 
mule deer of the west, with well-developed, raulti-tincd antlers The Paiii- 
jias deer of southern Soutli America is somewhat smaller, with simpler 
antler structure; still smaller arc a number of other South American forms 
in winch the antlers may be but simple spikes. 

Ranging into cold nortliern areas arc two large and distinctive cervid 
types The true elk of the Old World and the moose of tlie New’ (tlie two 
forms are very similar) are the largest members of the family. They are 
definitely cold-weather forms, inhabiting the most northerly forest regions 
of both continents. The antlers are unique in that they project out side- 
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ways from the skull roof before turning upward and expanding broadly, 
with a shape like the palm and fingers of a hand Still more northerly in 
distribution are the reindeer of northcrmost Europe and Siberia and tlie 
practically identical caribou of northern Canada To some degree these 
animals are found m the northern fringes of the forests, but tliey are 
adapted as well to living on the lichens and other small plants of tlie bar 
ren grounds north of the last trees The reindeer is the only pecoran apart 
from the bovids to be domesticated The large antlers have a typical 
brow tine, but they are placed unusually far back on the head, quite in 
contrast to typical cervids, the antlers here are well developed m females 
as well as males 

Even from what has been said above regarding antlers in various forms, 
one may gam the suggestion that antler development is correlated with 
body size, and that the larger deer tend to have disproportionately large 
antlers the small forms small and simple ones Tins is very true If we 
look over the range of cervid types, we find a whole senes of small forms 
witli antlers small to absent The little roe deer of Europe, already men 
tioned, has small horns wiUi but three tines, tlie muntjacs of India and 
China, somewhat smaller, have short two tmed horns, the tin> tufted 
deer of China and the pudua of the Chilean mountains (tlie latter no larger 
than a hare) have only short little spikes for antlers, Uic small water deer 
of China have no antlers at all Instead, however, we find that m some of 
these forms the males have long upper canines as fighting we'ipons 

Absence of antlers was, of course, a characteristic of the ancestral 
ruminants as it still is of the chevrolains foda;y In some of these small 
deer, however, absence of antlers maj be a secondary affair, due to their 
having become reduced to p^gmy size, with an accompanying reduction 
of antlers, from ancestral deer of larger dimensions Most workers, liow- 
ever believe that one last tj^pe of deer to be mentioned is really primitive 
m lacking antlers This is the musk deer, ranging from the Himalayan re 
gion north through central isia Tlie name derives from a bellv gland 
whose product is the musk of commerce Thi« is a form about as large 
as the roe deer but with no trace of antlers whatever (canines are well 
developed) and with some anatomical features suggesting that lliej are 
representative of a truly ancestral antler less deer type 

Giraffes — The giraffe is a representative of a further group of higher 
ruminants This beast, too, u. a browsing form but the giraffe is a dw eller 
in the savannahs rather than the woods and with limited amounts of 
trees to graze upon has e\ olv ed a mechanism for getting the most for hi» 
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money. The Jong front legs and exceedingly long neck enable it to reach 
high branches inaccessible to ordinary animals. We have said that higher 
ruminants all have tended to dexelop horns of some sort, and the giraffe 
is no exception, for he bears small, skin-covered bony prongs on the toj) 
of his skull. 

The giraffe’s long neck is an interesting development; but it has not 
involved the addition of a single bone to the animal's skeleton. The neck 
of an ordinary mammal contains seven vertebrae; that of the giraffe con- 
tains exactly the same number, each one, of course, greatly elongated. On 
the other hand, we may note that mlhe whale, in which there is practically 
no neck and the head is buttressed right in front of the shoulders, there are 
again just seven neck vertebrae, but each one is exceedingly short. Rep- 
tiles, as we have seen, have a great degree of variation in their neck skele- 
tons; mammals, for some unknown reason, almost never depart from the 
primitive number of neck vertebrae. 

Fossil relatives of the giraffes, similar to tlie Jiving form in most respects, 
but with short necks, have long been known from Pliocene deposits. It 
was therefore of considerable interest when there was discovered early in 
the present century in the forests of the Belgian Congo the okapi, a living, 
short-necked giraffe relative. 

The prongbuck. — The giraffes are entirely Old World types; the one 
higher ruminant peculiar to North America is the prongbuck of our w esU 
ern plains. This creature has much of the build and habits of the antelopes 
of the Old World but is quite a distinct ty^jc, ns is shown by its “horns.” 

These structures consist of a bony core which is never shed and is cov- 
ered with horn. In these respects the prongbuck agrees vvith the cattle 
tribe. But, on the other hand, Uic prongbuck does shed the horny cov ering 
of the horn, and the horn is forked. These characters suggest the deer. To 
which group does the prongbuck, then, belong? To neither, really; it I-, a 
native product, end form of an independent, purely American line of rumi- 
nant development of which there are many fossil representatives. The 
cattle tribe, as noted below, are a highly developed series of grazing artio- 
dactyls which developed in the Old World during the later jiarl of Uic Ter- 
tiary. I'ew varieties of tlie cattle group ever reached America, ami the 
prongbuck family developed in parallel fashion as dwellers in the American 
grasslands. Not improbably the entrance of the bison into America during 
the Pleistocene may have been responsible for reiiuclion of the prongbuck 
family in numbers and variety. Once close to extinction, the prongbuck 
is now flourishing modestly in the more arid regions of the West. 
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Cattle and related types — A final and the largest group of higher ru- 
minants IS that of the bovids, including the cattle and their numerous 
relatives — antelopes, sheep, goats, and other familiar forms Ihese are 
mainly jiHins dwellers, with high crowned teeth capable, as is the case 
with horses, of utilizing grass as a food supply In almost all members of 
the group true horns have developed, simple although often much curved 
structures with a permanent bony core at the center and tipped with hoi 
low horn Bovids were comparatively late m their development, for there 
were but few of them in the Miocene, and it is only toward the end of 
the Tertiary that they became numerous But once started on their careers 
they have swept all before them and are now, in open country of all sorts, 
tlie dominant hoofed mammals — indeed, almost the only ones 

"We shall begin our account with mention of members of the family 
which are as different as can be from the familiar cattle types — the duikers, 
tiny animals of the African forest, which stand little over a foot m height 
and have very tiny horns, which maybe almost hidden from view between 
their ears These little fellows seem to stand in much the same relation to 
the larger bovids that some of the tiny small horned or hornless deer do 
to their larger cervid relatives 

Xext may be considered the gazelles and their relatives Tlie gazelles 
are small and very slender, graceful forms, mamlj dwellers m Uie deserts 
of northern Africa and western Asia, generally of a concealing sindy color 
with ringed horns, these are usually gently curved m somewhat the shape 
of a lyre Closely related are a number of other forms, also generally of 
small size, mainly African, such as the little diJc dilcs and kljpspnnger 

Related by technical characters to the gazelle group, according to stu- 
dents of the bovids is the major Temperate Zone branch of the fainil} , of 
which tlie sheep and goats are most characteristic Connecting links be- 
tween the group and more typical antelopes are furnished by the saiga 
antelope of the steppes of western Asia and a smaller relative from the 
high plateau of Tibet these are the only Asiatic antelopes except for a 
few forms dwelling m the more hospitable climate of India \ readily 
identifiable if unimportant feature of the saiga is its peculiarly swollen 
muzzle The remainder of the sheep goat group are mainly dwellers m 
mountain country, the horns, generally nnged, usually curve backward, 
downward, and forward m spiral fashion The sheep, of which there are 
a number of species, one even reachmg western North America, are typi 
cally inhabitants of mountain meadows, the goats, of which there are a 
number of species from Asia and Europe, are, on the whole, high mountain 




The okapi a short necked rclatnc of (be The prone buck or Vmcncan antelope Tbu^c^tcni 

girafTc Sudi giraiBds b3\ e been known only plains anima] is Uie onI> 5ur\ n or of an \nicncan rumi 

as fossils until a few decades ago whea this nant family common in faud form It is cUaractemed 

living form was di!>covcrcd m the Belgian by lU peculiar horns which include a sini{ !e bony 

Congo (Photograph from mounted group core whidi u not shed and a forked hom> sheath whicli 

Vmcrican Museum of Natural IIutor> New u shed annually (Photograph courtes) New \orl( 

Nork ) Zoological Soact> ) 


Bovidt The family Bondae locludes the 
cattle and related forms Besides having in 
common high crowned teeth for eating 
grass these ruminants possess true horns— 
that IS simple (although usually cursed) 
bony projections cov ered by a homy sheath 
andnesersbed The family u a group nhich 
dev eloped m the Old W orld n here in addi 
tion to wild sheep goats and cattle there 
IS a great host of varied forms lumped to* 
gether in popular usage as antelopes (the 
sable antelope of Vfnea is shown above at 
the left) Only three bovid tj-pes illustrated 
here reached America Upper right the 
sure footed mountain goat (pi otographed 
in his nativ e haunts m the northern Bockies 
by John M Phill ps) This form is not a 
true goat but belongs to a separate genus 
(Oreamnoj) Left center the mountain sheep 
which inhabits mountam meadows To rep 
resent the bison w e have shown (Jovxr left) 
not the familiar American species but the 
European one now close to extinction (Up 
per two photographs courtesy Uner can 
Museum of Natural History New Aork 
low er photographs courtesy New York Zoo- 
logical Society ) 
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forms. Bolli genera are represented in tlic Near East, ^vhere they appear 
to have made up, with cow and pig. Neolithic man’s series of domesticated 
ungulates. Related to the sheep and goats but definitely distinct arc the 
European chamois, tlie goral and scrow of the Asian mountains, and the 
Rocky Mountain “goat,” A final large and ungainly member of tliis group 
of cold-weather bovids is the musk-ox, with a circumpolar distribution 
in the barren Arctic. 

Returning to the tropics, we may mention a group of “middle of the 
road” antelopes, not particularly related to eitlier the sheep-goat group, 
on the one hand, or the cattle, on the other. Most are of good size, includ- 
ing in tlieir number a variety of forms such as the oryx, addax, giiu, and 
hartebecst; they make up a fair proportion of the African anteloi>c as- 
semblage. Finally, several antelopes such as the kudu and eland of Africa 
and the nilghai of India, mainly large and heavily built animals with horns 
of a rather “twisted” appearance, show an approach to the cattle. 

In the varied members of the cattle group we find forms of large size and 
powerful build, with horns which, in contrast to most antelopes, extend 
out laterally frotn a bony boss atop tlie head before curving upw ard. Some 
are tropical in natural range, but others (like tlie members of tlic sheep- 
goat group) arc tolerant of chilly climates The domestic cattle took their 
origin from a wild form which was widespread in Europe and in Pleis- 
tocene times Coexisting with thb animal was a much larger wild ox, the 
urus (“ur-oclis” of tlic ancient Germans), which survived into medieval 
tiiiics; some of its blood may persist in a few preserved herds of European 
wild cattle today. 

The yak of Tibet is a cattle type whose long hair aids it in surviving in 
the cold of the Tibetan plateau. The typical domestic cattle of India are 
a distinct species, the obvious ditfcrcnccs being a conspicuous hump on the 
back and a large dewlap beneath the neck. In recent years these cattle, 
termed “brahmas,” have been introduced into ^Uncrica where they have 
proved well adapted to resist the hot weather of the Gulf States. The In- 
dian and Malay regions are the homes of a series of calUe-like forms, in- 
cluding the gaur, the little anoa of the Celebes, the gayal, the banlcng, 
and Uie true buffalo. The first two are wild; the gaur L» the largest of all 
the cattle tribe, tlie anoa the smallest. The gayal is semidomcsticatcil in 
India; the bauteng is domesticated in tlic Alalay region; and the hulfalo 
is a common Indian domestic fon«. Buffaloes of a different tyjic are iires- 
ent in Africa; they arc not, howc\er, domesticated, and the Cape hulfalo 
is an aggressive foe to the hunter. 
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A final member of the cattle group is the bison (often but incorrectly 
termed “buffalo”). In the Ice Age the bison langed in great numbers over 
the Euioiiean plain and during tlie Pleistocene made its way to North 
America, where it became likewise exceedingly abundant m the western 
grasslands. Man has, however, brought it close to extermination. By the 
opening of the present century there remained of the European form only 
a relatively few individuals inclosed in preserves, and the American form 
likewise has survived only in protected herds. 

The history of the cattle-antelope group has been almost entirely con- 
fined to the Old World. It w’as there that these animals had their origin, 
and it is there that almost all the living wild forms are found today. Only 
four members of the family have successfully invaded North America — 
the bison, the mountain sheep and mountain “goat” of the Rockies, and, 
in the Far North, the musk ox. This lack of representation is seemingly 
due to the fact that the family developed late in the Age of Mammals. 
They were, for the most part, tropical plains dwellers, and only forms such 
as those abo\e, which can stand cold climates or inhabit mountains, were 
able to make the (by then) difficult passage from Asia via Alaska. 

The even-toed ungulates are, in contrast to tlie perissodactyls, a flour- 
ishing group To what has their success been due? Perhaps not so much to 
their good teeth — although they are good — or to good brains — we are the 
animals that boast of that feature — or to good feel — altliough there are 
some clever mechanical adaptations in the limbs of this grou]). Perhaps 
(since it is the higher ruminants that compose the greater part of tlie 
modern artiodactyl population) the development of the stomach may have 
been the real cause of artiodactyl success. 

^Miich are more important — brains or stomachs.® Sometimes, when in- 
digestion liits us, ive may tlimk of a good stomach as the really essential 
thing in life But, when we sit down to a meal of beef or lamb or pork, we 
may reflect that brains do seem, on the whole, to have won. 



Antelopes, These abundant, successful, and 
attractive Old-World tropical animals in- 
clude four score or more species; on this page 
is given a sample. Directly below, the graceful 
desert-dwelling dama gazelle; botiom, the 
large, short-homed nilgbai; right, from the top 
down, the tiny duikerbok, the white-bearded 
gnu, the kudu, with spjrajly-curved horns, 
and the watcrbuck. (New York Zoological 
Society photographs.) 



An Asiatic alaphant, from a group in the ^Vmerican Museum of Natural History, New 
York, mounted by Louis raulJooas; a fine example of the art of the modem taxidermbt. 
Belov, a restoration of the ^Uaerican mastodon of the Plebtocene, a form in whicli the 
lower jaw and Ion er tusks hav e been reduced, very much as in the true elephants. (From a 
mural by Charles It. Knight; photograph courtesy Chicago Natural Hbtoty Museum.) 



CHAPTER 14 


More Ungulates 

tile odd- and eveu-locd groups are the most important 
of ungulate stocks, they are but two of a dozen or more orders, living and 
extinct, which are grouped as hoofed mammals. In the present chapter we 
shall consider two series of ungulates: first, the subungulatcs, including 
conies, elephants, and sea cows, and then a varied assemblage of forms, 
now extinct, winch once inhabited Soutli America 

SUBUNGUIATES 

Under the heading of subungulates arc included the conics, small 
rodenl-like creatures from Africa and Syria, and the proboscidians, in* 
eluding the elc])hants and tlieir extinct relatives, and Uic sea cows. These 
make up a very diverse assemblage, a seemingly incongruous jumble of 
land and sea forms, large and small t>pcs, but early representatives of the 
varied groups show fundamental siinilantics which strongly suggest a 
common origin, and the fact that Uic earliest fossil forms are found in 
Africa suggests that that continent was their common ancestral home. 

Conies.— Most primitive of subungulates in many respects are tlie 
conics, or dassies {Ilyrax, etc ),of Africa and southwestern iVsia. The word 
“coney” was an old English term for rabbit (Coney Island, e g , means 
Rabbit Island) but has been used in the English Bible as the best equiva' 
lent for the animals now under discussion. The comparison is not inap- 
propriate, for the dassics have chiscl-like front tcetli and gnawing habits 
similar to those of tlie rodents. TIic comparison would be belter, however, 
with the woodchuck ratlier Uian the rabbit as regards general appearance 
and habits, for Uie cars are small and the hind legs are not greatly elon- 
gated. Most conics are ground dwellers in rocky country, but one group of 
tropical African species consists of tree dwellers. 

But the rodent resemblances are sujier/icial only. The check tet'th arc 
rallier more like those of a minialurc rhinoceros Uian anything oUe; there 
arc little hoofs rather than claws, and Uie general build of these od<l mam- 
mals is quite different from that of any common group, they have ob- 
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MOUily had a long indt])cndent Imlory Ihis conclusion is borne out by 
the fossil record Ulic oldest African land animals of the Age of Mammals 
are found m the Fayuin region of Egypt, in beds of late Eocene and early 
Oligocene age In these beds conics are alieady numerous and varied, one 
form being as large as a lion Ihey ha\c never been discovered .is fossils 
outside of Africa and the eastern Mediterranean region and ajijiareiitly 
are a group characteristically African m origin 

Elephants — 'I he elcpJruits are the only living representatives of the 
proboscidians, in immals with i trunk 'Ihesc ])onderous fellows are the 
largest living land creatures, of living animals only a few of the whales are 
larger, and in the past they have been tvcecded mbulk only by some of the 
dinosaurs and one giant rhinoceros flicir great weight has resulted (as in 
.all heavv land animals) in t pillar like construction of the limbs, the 
straight legs with long proKimal segments, ending m a short hut broad, 
padded foot The skull is very short and high Of the originally numerous 
front teeth there remain but two upper incisors which extend fonvard as 
the two long curved tusks ihovc the nose is extended to form tlic long 
flexible proboscis The cheek teeth are of a xery curious nature All the 
molars of an ordinarv iiriimtivc mammal .arc present at some stage of life 
and each one is a verv large high crowned structure with numerous cross- 
ridges which can undergo considerable wear Ihc jaw, liowever, is very 
short, and the elephants liavc evolved an odd tj'jie of tooth replacement 
wherebj only four of the dozen molars arc m jilace at once, one m each 
half of each jaw The teetli are formed one after another m the back part 
of the jaws and gradually swing around into position as the preceding 
tooth is ground down to the roots and discarded 

There are but two tjpes of living elephants, one m southern Asm, tlie 
other m Africa In both the thick leathery skin is practicallj devoid of 
hair In popular lore the elephant is noted for intelligence and long mem 
ory — The elephant never forgets” The former attribute has been de 
bated but recent psj cliological tests do confirm beliefs as to the animal’s 
retentive memory Both forms typically are found m herds, mliabiting 
forested regions The former is generally termed tlie Indian elephant, but 
its range extends through the wilder regions from India to the larger is- 
lands of the East Indies It is readily distinguished from Uie Afncan form 
by its relativ ely small ears and less domed forehead structurally, its teeth 
are more complex and high crowned The Indian elephant is frequently 
captured and is not merely used for transportation but employed as a 
laborer in such activities as lumbering and construction w ork In. size, a 




The skulls ot probosculiatu. A, itocnlhrriun, oldest knoHn member ot the group, from the Up|>er 
llocerie and Ix>»er Oligoccnc of Rgjpt. Tire skull is fairly noriua!]/ built: tl^c upper an^l Io»er tusks 
are simple, somewhat elongated incisor tcctli. if, PAtbmia, an Utigcicenc tnastodcni uilli sruall upper 
and loner tusks: the Jaws are elongated. C. Tnlo/iAodon, a Miocene long>Jauttl, fourdusked masto- 
don. In later mammollis and elephants, as tlte wocdly luamutoUi (/J), lltc loner jaw sliortens and the 
loner tUsks dUap]>car. E, jiart of the side of the up|>er Jaw of an elrpIutnU The l>unc oser llic teeth 
is rcinot cd to sliow hovr (he teeth sning liown into place at earlier ones are ground donn and uw>i up. 
(<f, B, after Andrens.) 
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typical form will run to a nine foot shoulder height, but exceptional males 
may bea tliird again as large The African elephant, with large ears, a very 
high skull, and relatively simple check teeth, was once found over nearly 
every part of that continent but is now relatively rare or absent in many 
regions It is a somewliat larger animal than its /Uiatic cousin In modern 
times no attempt to domesticate the African form has been made In 
ancient days, however, it was tamed m Barbary, and a number of tliese 
elephants accompanied the Cartliaginian Hannibal in his invasion of Italy 

In the Pleistocene epoch just behind us, elephants inhabited all the 
northern continents and were present in great variety and abundance, to 
these extinct elephants the term “mammoth” is usually applied Best 
known of these extinct forms is tlic northern woolly mammoth, a dweller 
in cold climates in botli Eurasia and North America Fossil remains of 
these forms are numerous, and m Silieria many woolly mammoths have 
been found preserved m natural cold storage, imbedded m the frozen 
tundra So common are mammoth finds in Siberia tlmt there is a flourisli* 
mg local trade in fossil ivory, and sjiccimens have been excavated with 
hair and flesh still present, some years ago guests at a scientific banquet m 
Russia were served with portions (very small) of mammoth steak’ 

In both Old and New worlds there were extinct inammotlis of other tyjies 
mliabitmg temperate and tropical regions These creatures, to judge by 
their remains were quite common, and most are known to have lived 
beyond tlie time of recession of tlie Pleistocene ice sJieets Wiy the^ sud 
denly disappeared over most of their former range is as great a problem as 
that connected with tlie extinction in America of horses, camels, and other 
forms 

The oldest proboscidians — The elephants are but a final stage in a long 
history of proboscidian evolution The most primitive ancestor of the 
group is found m the same Fayum beds tliat contain the oldest remains of 
the comes iloenthenum was no bigger than a good sized hog and showed 
few definite elephantine characters There was apparently no trunk, al- 
though there might have been a piglike type of snout, all the front teeth 
were present, although one upper and one lower pair were considerably 
larger than theirneighbors, all the grinders were present m normal fashion 
and were quite simple m construction In fact, so primitive was this 
beast, that it has been debated whether it really belongs to tlie elephant 
group A careful analysis shows that a majority of its characteristics are in 
agreement with those of proboscidians, but it also had many features of 
the sea cows and some of the conies Jfoenthenuin was apparently close to 




j 



MORE ^J^GUL.\T^^ 


tiie common stem from ^vhich alt tlirec of tliese di\erse groups ha\e 
sprung. 

Mastodons. — In t!ie upper levels of these same Egyi)tian fossil beds arc 
more progressive proboscidians, llie earliest of the mastodons, which flour- 
ished from Oligocene to Pleistocene times In these forms there were, to 
begin with, two pairs of long incisor teeth which gradually lengthened into 
tusks All the older mastodons had tusks in the low er as w ell as the ujijier 
jaws These tusks were at first straight, at the end of long bony jaws, and 
with a long nose tube which was probably flexible only at its tip 

Gradually, however, the jaws shortened, the lower tusks were reduced, 
the upper ones became free at their bases and much curved, and tlie trunk 



Tccni oI inislo>3oiis (A, D), a pr<u3iU(c clcpluint (C). *ad the woolb tnimmoth (D), till n)uc}) re- 
duced Crouii Mevts abate, side Mens bdow The t>piral inastodon tooth his but a few rrcsU and is 
low cronned, the elephant tooth u high cronned. with numerous closely crowded transverse ndges 


became the highly flexible structure it is today; tliese features led to the 
liead structure seen In tlic last of the mastodons and in the elephanb. Tiic 
elephants alone of animals other than man have a chin, but the elephant 
chin is not (as is ours) a new structure but merely the slump of the jaw 
which once bore the lower tusks 

The grinding teeth of the early mastodons were of simiile construction — 
low -crowned, with a few cross-ridges, and all in place at the same time. 
But with increase in size ora trend toward grass rather than softer vegeta- 
tion as a food sujiply, we find that the tccUi (jiarticularly in the line lead- 
ing to the elephants) became higher crowned, incrcascil the number of 
cross-ridgea, and gradually tended toward the jicculiar elephant t>pc of 
tooth succeasion. 
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Although mastodons originated in Afiica, tliey !5i)read rapidly over the 
earth and in the Miocene and Pliocene were found all over the northern 
land masses and in the Pleistocene even reached South America In the 
Old World they seem to have died out near the beginning of the Pleisto- 
cene; but in this country they survived until within ten or twenty thou- 
sand years of modern times. 

Sirenians. — The living sea cons include only the dugong and manatee. 
Tliese grotesque inammaJs are purely aquatic creatures wJiicli bronse 
upon the vegetation of coastal waters but never come ashore; tlie hind legs 
are lost, the front ones have become steering flippers, and there is a well- 
developed transverse tail flap. The check teeth somewhat resemble those 
of primitive proboscidians, but the dentition is reduced and is supple- 
mented by horny plates on palate and jaws and by a cropping mechanism 
formed by large fleshy lips. The name of the grouj) recalls the alluring 
sirens of Greek legend. Even today in Aden one is invited in to see (at a 
price) a mermaid, but one should be forewarned, or the shock of seeing a 
ratlier ugly sea cow instead of a beauteous damsel may be loo much. 

The manatees are found on both coasts of the tropical part of the Atlan- 
tic Ocean They are commonly found in shallow coastal waters, where there 
IS an abundance of water vegetation, and frequently ascend tlie lower 
courses of such rivers as the Amazon and Orinoco. The dugong has its 
headquarters on the shores of the Indian Ocean ; it reaches Australia to the 
east and Equatorial Africa to the soulliw'est; it is not uncommon around 
Ceylon, but is most abundant in the Red Sea region. 

A third sea cow — “Stellar’s sea cow” — once existed in the North Pacific. 
A bit over two centuries ago the Danish explorer Bering conducted a 
Russian expedition eastward through and beyond the wild Kamchatka 
legion to reach Alaska for the first lime. On his return he was shipwrecked 
on the island and in the sea now bearing his name. Here his party W’as 
saved from starvation by finding enormous numbers of a gigantic sea cow, 
which was observed and described by bis naturalist, Stellar. But within a 
few decades this spectacular animal, even then very restricted in its dis- 
tribution, was exterminated by hunters. 

These curious marine mammals are no relation to the whales (which are 
of flesh-eating origin), nor is there any reptilian parallel to them, except 
for tlie seaweed-eating lizards of the Galapagos. Now restricted, they were 
widespread in Tertiary seas Most of the oldest sea-cow remains come 
from Egypt, and these forms show many features suggesting a common 
ancestiy with the conies and elephants. It seems absurd to include these 



A sea cow swiminicg This figure 
shows some of the specializations of 
these ungainly sirenians — the paddle 
like front limbs the absence of the 
hind legs the horizontal tail rather 
comparable to that of a whale The 
form shown is tlie American mana 
tee (Photograph courtesy New York 
Zoological Society ) 


Conies — mother and joung The 
comes (Itifraz) are animals of Africa 
and Sjna which in habits (and also 
m their relatively small size) lUMtc 
comparison with the rodents In their 
structure howe'er they arc clearly 
quite another sort of creature and 
represent an archaic Vfnean stock of 
hoofed mammals from which both 
proboscidians arid sirenians have 
arisen (i’liotograph courtesy New 
York Zoological Society ) 



African elephants (befoic) The Afncan elephant belongs to a different genus from the iksialic form There 
are various anatomical differences a readily observable feature is the contrast of the enormous cars of tiie 
African species with the more modest ones of lU Indian cousin (New kork Zoological Society photo- 
graph) 





Rodents of gnawing animab Cliar 
acteristic of tl is order arc the two 
pa ra of continuously growing chisel 
like gnawing teeth well seen in the 
portrait below V few representa- 
tive forms arc illustrated on thu 
page Ltfl aBraz Iian tree porcupine 
I pccul ar m the development of a pre 
^ hensile tail Beloio ihu ll e familiar 
beaver Lower left a colony of pra rie 
dogs related to tl e squirreb and 
woodchucks Lower rig/il the g ant of 
all rodents the capybara of Soutli 
Vmcnca (a relative of the gmnea 
pigs) which grows to the size of a hog 
(Photographs courtesy New York 
Zodlog cal Society ) 
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marine and almost limbless animals in a group of “hoofed” mammals, but 
the resemblances in the older tyj>es are unmistakable. 

Our fossil record in Africa is \ery incomplete, but as far as it goes it sug« 
gests that in the earliest part of the Age of Mammals that continent was 
for millions of years separated from tlie rest of the world During that 
time there developed a peculiar native stock of archaic herbivorous ani- 
mals which gradually diversified into Uie conies (as tlie least specialized 
representatives), the great proboscidians, and the ancestral sea cows. 
Wien, at about the end of the Eocene, interconnections with Asia were 
established and other animal types could enter Africa, the conies merely 
held tlieir oivn, but the proboscidians migrated outward in triumph. The 
sea cows, too, migrated but, already far along in aquatic adaptations, 
radiated outward along marine rather tlian terrestrial routes The main 
evolutionary center for the mammals has been the Northern Hemisphere; 
but Africa has been the point of origin of the odd subungulatc tyjies. 

SOUTH AMERICAN UNGULATES 

TIic southern continents appear to Jiave been isolated regions for port 
or all of the Age of ^lauimals Australia has remained disconnected and 
has evolved its own peculiar marsupial fauna; Africa was separated long 
enough to initiate tlie development of the subungulates but later became 
faunally similar to the northern continents The history of South America 
is somewhat intermediate in nature It was isolated at the dawn of tlie Age 
of Mammals and appears to have remained so until the close of the Ter- 
tiary, when connections were renewed During its long period of isolation 
many curious mainmaliau tyjjes dcvclopcil there which are now' for the 
most part extinct In a previous section we mentioned the flcsh-caling 
marsupials of that continent; in the following chapter we shall spc.ifc of the 
curious edentates that tieveloped here. Here we shall touch very bric/Iy 
upon the development in South America of a number of groups of ungu- 
lates which are now entirely extmcl but whicli flourisliwl there during 
Tertiary times. 

^^^lel| South /Vmerica became separated from North America, there were 
but few' placental mammals which had Ihcu reached that continent. There 
were some forms ancestral to the armadillos and other edentates, jicrhajis 
some primitive monkeys and some rodents. The only other placental mam- 
mals which had penetrated were a series of primitive ungulates — small 
herbivorous creatures comparable to the archaic ungulate lji>cs of north- 
ern conliuents No higher hoofed mammals, no true c\en- or od«l-toc(I 
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forms, were able to enter until in the Plebtocene the land connection at 
Panama had become re-established. In the meantime the archaic “old 
settlers” had the field to themselves and, during the Tertiary, developed 
into a bewildering variety of hoofed types. It is difficult to describe them 
without going into a maze of technical details, for all of tliein are now ex- 
tinct, and we cannot fairly compare them with existing groups from otlicr 
continents. In an accompanying figure is shown a representative selection 
of Miocene mammals — both of these ungulate types and their native con- 
temporaries; the later. Pleistocene represenlati ves of these groups were, on 
the average, of much larger size. 

Conspicuous and numerous among the ungulates were the toxodonts, or 
“bow-tootlis,” most of which tended to grow to large size. In general build 
they seem to have been somewhat like a cross between a rhinoceros and a 
hippopotamus. Closely related to them but very different in appearance 
were the little typothcres, with seemingly rodent-like habits and even, in 
some cases, long hopping hind legs which make a comparison with rabbits 
not inappropriate. 

Another group (the litopterns) not particularly related to the lost were 
South American parallels to the odd-toed ungulates of otlicr continents. 
These forms were fairly orthodox ungulates and tended to reduce the toc.s 
to three. One group paralleled the horses very closely; the two lateral toes 
dwindled and vanished os in horses, leaving only splints to represent them. 
These are the only animals in the world except horses that ever attained 
a monodactyl condition. 

Most of these South American ungulates, free from the attack of jila- 
cental carnivores and free from the competition of other ungulate groups, 
flourished during the Tertiary and were still present in nearly full array in 
the Pleistocene. But then came their abrupt downfall. Land connections 
with North America became established. Sabertooths, wolves, and other 
carnivores against wliich they had no adequate means of defense entercii 
the continent and feasted upon them; horses, tapirs, deer, and llamas, 
with more efficient ungulate adaptations, competed with these archaic 
hoofed mammals for feeding grounds. Between these upper and nether 
millstones the old South American ungulates disintegrated. Not one of 
this vast host of Tertiary forms has survived. 

Their disapiiearancc is llie most spectacular of the many cases of extinc- 
tion of animal tyjies in the Pleistocene. In many other orders various 
forms became extinct or had their ranges much restricted; but here a whole 
section of several orders of the world’s long-established mammalian popu- 
lation was absolutely wiped out. 



CHAPTER 15 


A Diversity of Mammals 

An account of llie \ancd mammalian forms remaining for 
consideration before our own group, the primates, is reached would, if at 
all adequate, require a volume m itself In this chapter \vc can give merely 
a brief sketch of the other major types of the rodents, most flourishing of 
all mammal types, of the hares and rabbits, of the bats, the only flying 
mammals of the whales and porpoises, the most highly specialized of 
aquatic forms, of the curious edentates, so called “toothless” mammals 

RODENTS 

Among the rodents, or gnawing animals, arc included the squirrels, 
beavers, rats and mice, porcupines, guinea pigs, and hosts of less familiar 
forms The rodents are witliout question the most successful of all living 
mammals In the number of different types included in the order they 
evceed all other manimalian groups combined, they are found m almost 
every inhabitable land area of the globe and seem to thrive under almost 
any conditions Their range of adaptations is a wide one A majority of 
rodents are terrestrial and often burrowing types No purely aquatic forms 
have developed, although the beaver and muskrat have progressed far in 
this direction Others, such as the squirrels, are arboreal, and while there 
are no truly flying rodents, the “flying” squirrels have gone far along this 
evolutionary path In their general bodily build the rodents are little spe 
cialized It is their gnawing and chewing adaptations that particularly 
cliaracterize the group 

The rodents are primarily vegetarian m their habits There is an ef 
ficient senes of grinding teeth in the cheeks In the front of the mouth, 
separated from the cheek teeth by a wide gap, are the curving chisel like 
gnawing teeth Of these highly modified mcisors there are but four — a pair 
in both upper and lower jaws Subject to constant and hard use, the roots 
of these teeth grow continually and have their bases far back in the skull 
and jaw So relentless is their growth that if, through accident or deform- 
ity, one tooth fails to meet its mate and be worn off in the normal fashion, 
288 
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it may keep growing outlaid, cui\e back into the moutli, i)re\cnt the 
jaws from closing, and eventually cause death by starvation. The cheek 
teeth are generally complex and efficient grinders, and they too frequently 
have a constant growth from open roots. Most mammals chew as man 
does, by an essentially straight up-andKlowm motion of tiie lower jaw. 
Rodents, in contrast, are able to really grind their food by a fore-and-aft 
jaw motion. The jaw muscles which effect this motion are powerful and 
complex, It is primarily through study of the variations in these muscles 
and the skull structures associated with them that we are able to classify 
tlieni and arrange most members of this large and varied group into three 
suborders, named for typical rcpiesenlativcs — the squirrels, the South 
American rodents, and tiie rats 
and mice 

Squirrel relatives. — Most ])rimi- 
tive of the rodent groups is that 
typified by the squirrels and hence 
termed scientifically the Sciuro- 
morjiha; the earliest well-known 
rodents from the Eocene were es- 
sentially squirreHike in structure. 

A very primitive rodent of this 
group 15 the sevvellel, or mountain 
“beaver,” of the Rockies of the 
northwestern United States and 
British Columbia. Apart from the fact that they are partly aquatic, there is 
nothing bcav’er-hke about these shy and slockily built animals, which arc 
about a foot long, with a stub tail Morea<Ivanced and tyincal of this first 
suborder are the widespread squirrels, found on every continent except 
Australia The common squirrel of Euroi)e is reddish-brown in color^ with 
a while breast. The same animal extends eastvvanl ihrougli lemjierale 
.fUia, where the coat is generally duller in color, and is represented in 
North ^Vmerica by the equally common gray squirrel; there are rclalcil 
Central and South ^kmerican squirrels. The smaller American red sijuirrel 
is a very distinct form. In Uie Old World trojiics there is an abundance of 
squirrels of different sorts, some related to the red squirrels. The fl.ving 
squirrels, mainly found in tropical ^Vsia but with Temperate Zone rejire- 
sentatives in both Europe and Norlli America, have dcvclopctl a skin 
membrane between front and hind legs, with which they do not tndy fly 
but do glide outward and downward from one tree to another. In Africa 
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there is piestiit a second gioup of “flying” squirrel like rodents with simi- 
lar adaptations but with structural dilTcrcnces indicating that llieir devel- 
opment of good gliding membranes occurred quite independently of that 
of the typical flying squirrels 

Most squirrels are arboreal, but there have developed ground living, 
buiiowing, side branches One sudi group is African m habitat, a second 
and more familiar one inhabits the Northern Temperate regions Small 
and attractive members of the latter gtoup are the little chipmunks which 
are mainly North American but arc also present m Siberia Somewhat 
larger are the ground squirrels, likewise mainly American but extending 
through Asia to Central Europe, m America they are commonly called 
gophers, m Europe, susliks Still larger ground types have developed In 
the American West the prairie dog, a stub tailed and cliubby animal, was 
once exceedingly abundant, its “towns” of closely spaced burrows often 
covering areas many miles in extent, it is now much reduced m numbers 
The largest of the tribe is the stoutly built animal known in North /Vmer- 
ica as the woodchuck or ground hog, m Euro]}e as the marmot The Euro 
pean marmots arc found m mountain regions or m the colder ])Iains of the 
northeast, the common Amcncan woodchuck, however, lives m lowland 
plains and fields as far south as the latitude of the Carohnas 

Beavers, pocket gophers, and kangaroo rats are forms generally included 
m the squirrel suborder in a broad sense, but the relationship is at best 
a distant one (and some recent workers deny that tliere is any special 
relationship of any kind) Tlie beavers, notable for their industry and 
aquatic habits, were once present in forested regions over the entire 
Holarctic region The beavers are skilled foresters, felling trees to eat tlie 
bark and excellent builders of dams to form ponds m which they con 
struct their homes — ‘ lodges ’ stoutly built of sticks and mud, with under- 
water entrances To their misfortune, the beavers wear a valuable fur and 
as a result have been nearly exterminated ov er much of their former range 
The que^t. for beaver produced a romantic ebaptej jn the winni ng of the 
American West, where, in the early part of the last century, there devel- 
oped the hardy breed of mountain men who braved the dangers of the 
wilds and hostile Indians m search of beaver pelts Except for some South 
American forms, the living beavers are the largest of all rodents In the 
Pleistocene there were still larger beavers m both Europe and North 
America, reaching the size of a half grown black bear 

The pocket gophers are a peculiar North American group of rodents 
which owe their names to the development of large hair lined pockets 
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willlin their cheeks for food storage. They are subterranean animals, 
which dig long tunnels in search of the roots on which they feed, throwing 
up mounds of fresh earth at frequent intervals. Having the same peculiar 
cheek pockets but very different in every other regard are the kangaroo 
rats and their allies, likewise a North American group. As the name im- 
plies, these little animals have elongated hind feet and a hopping gait. 
This type of locomotion has evolved quite independently a number of 
times within the rodent order. Other hopping types are found among the 
ratlike forms, but even here we may mention one further hopping form 
possibly related to the squirrel group — the spring haas (“jumping hare”) 
of South Africa, similar in size and general ap]>earance to a hare but with 
a bushy tail and a rather squirrel-like skull and dentition. 

South American rodents. — The second of the three “classical” rodent 
groups is essentially South American. During the Tertiary isolation of that 
continent, tliere developed among the rodents — as among monkeys and 
ungulates — a whole series of peculiar native forms whose relationship to 
one another is certified by diagnostic features of the skull and tlic jaw 
musculature. A characteristic member of this assemblage is the familiar 
guinea pig, but most members of the suborder are forms quite unfamiliar 
to readers living in the northern continents. The guinea pig is one of the 
few animals domesticated by the Indians of either America. The w ild rela- 
tives of this fertile little creature are the cavies, of which there arc a num- 
ber of species of varied size and habits, together with the related agoutis 
and pacas, mainly forest dwellers, these terrestrial forms range widely over 
South America. The chinchillas, known for their highly prized soft fur are 
small, rather squirrel-like, burrowing forms from the Andes; the related 
viscaclja is a form from the open Pampas, llathcr ratlike in apijcartince .irc 
the degu of the Andes and the burrowing tuco-tucos. The bcavcr-Jjke 
coyjm is of larger size, reaching a length of two feet. In the West Indies 
there is a native ty})e, the hutia, similar to the last but a forest dweller. 
The giant of all rodents is the carimicho (Jlydrochoerus), an anjphibious 
form of eastern South America, which reaches a w'cight of nearly one hun- 
dred pounds and, as its name (“water hog”) indicates, has rather llic 
appearance of a member of Uie jug group. 

One family of the suborder is of wider distribution — that of the New 
World porcupines. These are arboreal rodents, which hS e not only in tJicir 
nati\ e South America (where one form like a number of natives of the 
region, a prehensile tail) hut have very successfully invadctl North .Vmcr- 
ica to become common animals of coh! Temperate Zone forests. 
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We have gone on the assumption tliat the guinea pig group (technically, 
the suborder Caviamorpha) developed in isolation m South America But 
there is here a confusing situation In Afnca there are a number of rodents 
which have internal structural features comparable to those of South 
American rodents Most are unfamiliar forms — the cane rats, rock rats, 
gundi, and African mole rats (if you have ever heard of any of them, jou 
are a most unusual reader) However, this senes includes the Old \NorId 
porcupines, common m Africa and extending llieir range into southern 
Asia as well These large rodents differ markedly from the New Morld 
porcupines m many details of structure and habit — they are, for example, 
terrestrial rather than tree lovers — but like the other African rodents just 
mentioned, they have important anatomical characters found elsewhere 
only m the New orld caviamorphs To account for this similarity, van 
ous workers have assumed a land bndgeby which members of this rodent 
group (and some stream dwelling fishes as well) could have crossed the 
South Atlantic But — as usual with hypothetical land bridges — the ques 
lion arises as to why, if these animals could cross the bounding waves m 
this fashion could not such animals as carnivores and tyjiical hoofeil 
mammals hav e done so as well? Recent workers are inclined to the opinion 
that the structural resemblances are due to parallel developments among 
rodents m the two continents, and the superficially similar prickliness of 
the tw 0 porcupine groups is pure coincidence But Uie problem is an inter 
estmg — and somewhat embarrassing— one 

Rats and mice — The third major group of rodents is that of the rats and 
mice— technically, the suborder Myomorpha The family of typical rats 
and mice m a broad sense is m many ways the most successful of all 
mammalian groups Even on a conservative basis there can be counted 
about two hundred distinct genera of rats and mice, and the number of 
individuals is presumably an astronomical figure By many workers on 
rodents the family is split into two major components of appro\imatel> 
equal size One consists of all the rats and mice of the New World, includ 
mg the common meadow mouse, white footed mouse, and so on as well as 
such large forms as the muskrat Members of this group are the only ro 
dents that have mv aded South America to compete witli the forms nativ e 
to that continent This type of rat and mouse is a relatively primitiveone, 
prmianly characteristic of the Northern Temperate Zone Probably m 
earlier times this type was as abundant m the Old orld as it is now in the 
New Today, however the group is less common m the Eastern Hemi 
sphere although represented by a variety of specialized tvpes such as the 
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voles, lemmings, hamsters, and hopping desert types, the gerbils or sand 
rats. The more typical, “progressive” rats and mice are a more recently 
evolved group, which are primarily tropical Asiatic and African forms. 
None liave reached the Americas (except where introduced) nor Madagas- 
car, where the more primitive types still flourish, but members of the 
group are the only land mammals of any sort to reach Australia. Tiie do- 
mestic mouse, presumably of southern Asiatic origin, has followed man the 
world around, and tlie omnivorous true rat has spread over Uie entire 
world, making Uie major jumps on shipboard. There are tu’o distinct 
types of this unwelcome animal; both apparently are of ^tsiatic origin. 
The black rat, perhaps from India, was the first of the two to become 
widespread and seems to have reached Europe by the fourteenth century. 
Later to appear was the brown rat — often called the Norway rat but prob- 
ably of Chinese origin — which became widespread in tlie eightecntli cen- 
tury. The brown rat is the larger and more aggressive of the tw'o and has 
displaced the black from most areas. 

Belonging to the general rat-mouse suborder, but very distinct from its 
more typical members, arc the dormice* of Eurasia and Africa. Tliese arc 
attractive little animals, squirrel-like In appearance and liabiLs but with 
diagnostic mouse-iikc features in skull and tecUi. A final series of mousc' 
rat relatives includes still another group of hopping rodents, of which tlic 
prominent members are the jerboas of the steppes and deserts of <ksia and 
northern Africa — extremely long-legged hojijiing ty])es in which the hind 
feet are three-toed in somewhat birdlike fashion. 

Hibernation . — "We hav’e noted previously the fact that various fishes 
and reptiles “hole up” during one season or another when environmental 
conditions are unfavorable and remain in a state of partly suspended 
animation until better days return. iVmong Nortliern Temperate Zone 
mammals, and most especially the rodents, a suspension of activity during 
the winter months, when temperatures arc low and food scarce, is not 
uncommon. Ordinarily one sjieaks of any animal as hibernating if it be- 
comes torjiid and inactive for part or all of the winter. But students of the 
subject use the word “hibernation” in a more restricted sense. Such ani- 
mals ns bears, badgers, or raccoons, they say, are merely having a good 
sleep but are othcrvvlsc functioning nonnolly; true lubemalion, as seen in 
such animals as ground squirrels, woodchucks, hamsters, and bats, in- 
volves major physiological changes. 

*TheyltA>e nothing to do wiUi doors. U>en»ine refm lu tbev soiniioknc* Utey undergo »% cry 
long period ot hihcmfttion; being nocturnal, tbejr aUo speml their aumoicr da) » in »lcep. 



THE VERTEBRATE STORY 


S9i 

ilost notable is a sharp drop m temperature Mammals generally mam 
tain a constantly high body temperature, but during hibernation tempera 
ture control is practically abandoned, internal temperatures may drop to 
practically the same as those outside and e\en approach the freezing 
point Respiration is \cry sloiv, a hibernating ivoodchuck, for example, 
may take only a dozen breaths or so an hour The heart beats at only a 
small fraction of its normal rate The nervous system is almost inactive, 
and the animal responds only to the strongest stimuli Animals about to 
hibernate usually hav e a good store of fat in their bodies , this must suffice 
to furnish fuel for their low metabolic activities dunng the entire hihernat 
mg period, and by spring a large fraction of the body wejglit has been lost 
In general the onset of cold leather miliales the shift to the hibernating 
condition, which ceases n ith the coming of spring weather A fair amount 
of the facts of hibernation are known, but we know little of the mecha- 
nisms which initiate and control tlie hibernating state 

HARES AND RABBITS 

In the earlier days of zoological study the hares and rabbits were in- 
cluded in the order Rodcntia on the grounds that, like squirrels or rats, 
thev have chisel like incisor teeth Many decades ago, however, it was 
realized that except m this one regard there were practically no similarities 
between the two groups And even m the teeth there are differences, for, 
whereas true rodents have but a single pair of chisels above, opposite a 
pair below, tlie hares and rabbits have two upper pairs and one lower pair 
In consequence these forms have for many jears been placed m a separate 
order Lagomorpha But fixed ideas are hard to change Even today one 
not uncommonly finds, for example, m the medical or physiological htera 
ture a paper m which the author slates that such and such is characteris 
tie of the rodent” when, come to find out, thesubject of his work has been 
a rabbit' 

For the most part the members of the group (barring some domestic 
varieties) are remarkably uniform m structure and appearance The hind 
limbs are long although there is less specialized elongation of the hind foot 
for the hopping gait than m such true rodents as the jerboas The long ears 
are characteristic, and the back and sides of the body are generally of a 
gray to reddish brown color, while the underside of the upturned stub tail 
is pure white Sev eral inhabitants of colder climates change to white fur m 
the winter season 

Alost members of the order are placed in three genera The hares rela 
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tively large forms which do not construct burrows, are widespread in 
Eurasia and Africa and in North America, where the jack rabbit is a 
familiar representative. The common Old World rabbit, a smaller form 
which shelters in a burrow, appears to have inliabiled the Mediterranean 
region originally but has been introduced and flourishes in more norlliern 
European countries now. The American rabbits, including the cottontail, 
are members of a distinct genus winch also reaches South America. Hares 
and rabbits, although few in number of genera and species nev crlliclcss are 
a successful group, naturally piesent m every continent eveept Australia. 
The disastrous sjiread of rabbits when introduced into Australia by man 
is a familiar story. Currently, however, a virus disease has, at least for a 
time, reduced tlieir numbers there and in various Eurojican countries. 

The order contains one animal which is ncillicr hare nor rabbit but a 
fonn definitely less specialized This is the pilca, or tail less “hare,” of 
which there are several species, especially characteristic of the Himalayas 
but ranging widely from eastern Euro|)e through nortliern /Ui.i to the 
northern Rocky Mountains. These are shy little mountain dwellers, with 
short ears but liind legs of normal length, which appear to represent a 
primitive stage in lagomorph evolution 

BATS 

Only in the bats has true flight been dcvclojictl by mammals. As in the 
pterosaurs (and in contra.st vvilh birds), the wings are forineil bj webs of 
skin, but instead of being supported by a single elongated finger, as in 
fl.v mg re])tiles, nearly the w hole hand is mv oh ed The thumb, a clutching 
organ, is free and clawed, the other fingers are all utilized in the support of 
the wing membrane and usually Jiave lost their originally claweil end 
joints. In hav'ing the wing expanse broken by the long digits, the bat has 
evolved a more flexible and le&s easily damaged vving than that of the 
pterosaurs,. The wmg membrane extends backward to attach to the hind 
leg and, further, spans the hind end of the body between the legs, usually 
alUiciiing midway to the lad Tlic hind legs are relatively weak and pe- 
culiarly posed and are of little use in walking, so that a bat is nearly help- 
less on the ground. All its active life is spent on the wing; at rest, during 
the day, it perches on a limb or cave wall upside down, hanging, with 
folded wings, by the hind legs. In most cases the food consists of insects 
caught in the air. The nnijorily of baU arc trojiic.'il, but there arc common 
Temperate Zone forms as well. During the winter some northern bats 
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migrate; many, however, hibernate, frequently in large clusters on the 
W’alls of sheltered ca\es. 

Bats are skilled nocturnal flyers; their ability to avoid obstacles even in 
pitch darkness is well known, and it is obvious that they must depend for 
aerial navigation uj>on senses other than sight. Tactile sense appears to be 
highly tlcvcloped, and there are in many cases grotesque fleshy outgrow lIis 
about the nose and cars which appear to lodge delicate sensory structures. 
Hearing, howe\er, has recently been jirovcd to be the major reliance of the 
bat in avoiding obstacles. The flying bat appears to be a silent creature. 
But this is far from the case The use of refined acoustic methods shows 
that the flying bat continuously emits a series of shrill cries which are so 
high pitched as to be inaudible to the human ear. The highest tones which 
we can hear aie waves of about 



Full face and proSle Me» of the li<a<l of a lent 
chinned bat of tlie West Indies No»e and ears 
ha>e grotesque sensory outgrovsUis hIikIi almost 
completely obscure tbe normal phjsiognoiny 
(From Anthony ) 

oped during the last war for spotting 


20,000 vibration.s per second; the 
bat’s cries may have n frequency 
of about 50,000 vibrations and are 
thus two and a half times higher. 
The bat ear, however, is capoble of 
hearing them, and tlie bat appears 
to avoid obstacles by noting the 
echoes reflected back from them. 
Thb U an auditory system unalo> 
gous to the radar !>ysten} devcl- 
Ihe position of objects by their re- 


flection of radio waves. 


The familiar bats of Europe and North America are among the least 
specialized members of the order, lacking Uie curious facial “ornaments” 
of many types but feeding, as do most, on insects caught on the wing. 
Similar forms are widespread over almost the entire world, but in the 


tropics there is an abundance of bats of other sorts, of which we shall 
mention only a few. As a curious v ariant in dietary habits, the hare-nosed 


bat of the American tiopics may be noted, for this bat feeds in great 
measure on small fish which it scoops up in flight from the surface of the 
water Also peculiar in diet are the members of a varied family of baU 
found only in South America and often called “vampires” — w'hich most of 
them are not. These are m part characterized by the development of leaf- 
shajied fleshy structures surrounding the nose (similar to the outgrowths 
found in some Old World bats). Most of these South American forms hav e 


shifted fiom an insect diet to fruit-eating In this they run parallel to a 
very distinct group of large bats, the flying foves, which are described 




Primitiva gnawing onlmals. The 
scnellel or “mountain beaver” 
{aboee, left) and the pika (a6ore, 
right), a tiny rabbit relative, with 
short legs and small ears. Both are 
from the Rocky Mountain region. 

The spoiled covy or poca (h/1) a 
common (and typical) South 
.American rodent. 

An Africon porcupine {behv, UJl) 
which resembles (hoseof tlioMciv 
)YorJd. 

The Indian fruil bob hanging 
from its percli (befoie). (N'ew York 
Zoological Society pliotogrsphs.) 





Blockfisb stranded on Cape Cod Tins is a small Arcboic wholes In the Socene are found the oldest and 
whale (maximum length 28 feet genus Globt most pnmiti've whales, usually known os zeuglodonts 
cepkala) related to the dolphins and porpoises Although already aquatic, they show many features 
It travels m schools which often become help suggesting descent from archaic land carnivores (From 
lessly beached (Photograph courtesy Amen a mural by Charles R Knight, photograph courtesy 
can INluscum of Natural History, New \ork ) Chicago Natural History Museum ) 



Unborn young of a pygmy sperm whole A fetus, close to the stage of birth, removed from the body of the 
mother,ap>gmy sperm whale (Kojia) stranded on Staten Island, New York It is perfectly formed except 
for the umbilical cord still attached to the navel The two-foot rule gives the size The sperm whales are 
toothed forms in which the expanded snout carries a * case” full of oil and waxy spermaceti (Photograph 
courtesy American hluseum of Natural Histoiy New York ) 



Right whole {Balaena) These whalebone whales were considered the “right ’ whales for oil as well as 
whalebone by the old New Red/ord and Nantueixt whalers Once common in both Atlaatic and Pacific, 
they are now relatively rare Length about 60 feet The model photographed here shows well the great 
strainers of whalebone suspended from the upper jaw and the tiny eye at the corner of the mouth (Photo 
graph courtesy American Museum of Natural History, New York ) 
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below. But while most have modified their diet in this way, two small 
tropical American forms have taken up a very different mode of life — that 
of true vampires. Various bats have been accused of this and oUier crimes, 
but only here is there definite proof of blood-sucking among the Chirop- 
tera. The operation is neatly performed. Chisel-like upper incisor teeth 
slice off a small area of skin, and with little pain or inconvenience to their 
prey, they suck blood from the wound. 

So far our discussion of bats has been limited to forms familiar in north- 
ern regions and to their tropical relatives. There exists, however, a second 
and very different group of bats confined to the Old \Yorld tropics— the 
flying foxes, or fruit bats. These form a distinct suborder, termed the 
Alegachiroptera (“big bats”) in contrast to the familiar little member, of 
the Microchiroptera. The name is well deserved, for they are of relatively 
large size, one having a five-foot wing spread. The popular name is like- 
wise appropriate, since most have a well-developed, foxlike muzzle, w’itlr- 
out the facial peculiarities of many of the members of the other group. 
The wings are well developed, but, although these animals arc able flyers, 
they lack the “radar” navigation system of their smaller cousins. Such 
aids are not so greatly needed in this group, for their diet consists of fruits, 
and flight is necessary only as a means of travel between the trees, where 
they rest by day — commonly in large swarms — and the forests or orchards, 
where they forage at night. 

Presumably the fruit-eaters are a side branch, and the stem of the order 
lies among the insect-eaters We may be sure that the bats arose from the 
primitive iilaceutal iiiseclivoros which had a similar diet. Fortune ha.s jirc- 
served for us specimens of bats from the Eocene in which the flight struc- 
ture was nearly as completely developed as today. Farther back, however, 
we lack knowledge of transitional forms which must have existed at the 
daw n of tlie Tertiary. 

Although surely not a bat ancestor, the “flying lemur” of the East 
Indies ilhistratas an intermediate stage in the development of flight. .As 
writers on natural history have often remarked, the name is hardly appro- 
priate, for the animal is not a lemur nor does it fly. It floes, however, have 
a very large fold of skin extending back from its antis by mc.ins of whicli 
it can “plane” foraconsulemblcflislancc. Probably tbe earliest bats began 
with such gliding apparatus. 

WHALES AND PORPOISES 

Tlie cetaceans — the whales and poqjoiscs — constitute the largest ami 
must important group of in.unmaU that has turned to an mpiatic life and 
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that bc'st adapted to an cMstence m the w iter Tliey ha\e become so com- 
pletely di\oiccd fiom their foimer land life that they arc heljilcss if 
stranded on a beach Only in then need for an bi cathmg do they show any 
niaiked functional leminiscence of then picvioiis tciiestrial existence 
Ihe cetaceans ha\c icassutned the torjicdo like sticanihncd shape of 
inimitive aquatic Neitcbrates, the body, however, is thick and roundenl m 
section, and hence the m un propulsive force (unlike that of the tyjiically 
slininicr hsh) is confined to the tad fin alone As in other aquatic niaiiinials, 
the tail has failed to resume its original fin structure, horizontal flukes, 
supjiorted bv fihious tissue (similar to those seen in the sea cows), supply 
the motive power Many whales have redevelojied a fishlikc dorsal fin, 
as the ichthvosauis did As in the sirenians, the hind legs arc lost (except 
for intei n d rudiments), ami the front limbs arc steering flipjicrs Paralltl 
again to the marine reptiles, extra joints may be found in the toes Hair 
h IS been abandoned as a covering and may be absolutely lacking on the 
skin of the adult wh ilc, a thick lajcr of fat — the I)lubbcr — affords insula- 
tion against the constant cold of sea waters and is, further, a reseivoir of 
food and possiblv (as a result of metabolic processes) of water as well 

Ihe skull IS laige, and the jaws ate long, together they include as much 
as a thud of the total bodv kiiglh in some whales Tlie teeth in modern 
wh lies aie simple poglikc structures In man> forms there has been icon- 
sideiable incicase over the original foity four, in others, teeth have been 
abandoned conqiletch There is little or no sense of smell, and the es are 
sin ill But although structurally the ear seems to be somewhat reduced, 
healing jnc'-cnt and mav be acute Rcsearcli m underwater sound during 
and after the 1 ist wai indicatci. that whales (particularly the white whales) 
can communicate with one anoUier in a whale “language” comjioaed of 
a consideiable vanetv of sounds 

^^halc and ])oi poise bi iins appear to be of an advanced tvjie Psycho- 
logical studv of cetaceans is, of course, difficult, but theie is e\ idence tliat 
the dolphins, at least, ntc verv high among non human mammals in 
mental abilitv 

Some of the largti whales, such as the sjieim whale, dive to great depths 
in pursuit of food and may remain submerged for periods of time said to be 
as much as forty five minutes It is obvious that these habits must involve 
major phvsiological specializations The whales are adapted to withstand 
lajiid changes between normil surface conditions and the immense pres- 
suies encountered in tiie depths Without such adaptations they would 
suffer, as does a man under similar ciicumstances, from the “bends” (pain 
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caused by liberation of gas bubbles in the blooti ^vlleu jirevsiire is decrcaseil 
loo suddenly). Further, there must be, and are, adaptations for taking in 
abnormally large sujijihes of oxygen before a prolonged du c. The lungs arc 
large and can be greatly expanded, and among the bo<ly tissues there are 
large networks of vessels wliicli can be dllcd with ovjgcn carrying blood. 

In relation to breathing problems, the nostrils, originally of course at the 
front end of the snout, have moved backward over tlie top of llie head 
until they open directly upw ard .vs the blowhole; as m.iy be imagined (and 
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as may be seen from a figure of a typical cetacean skull), this has causcil 
major modifications in cranial .irchilcclure. The “sjiouting” of the whales 
is the expiration of air tlirough tin’s ficcutiar type of nose when the lop of 
the head comes to the surface, the vapor seen is due to the cotideasation of 
water when the column of wann moist air, blown from the lungs, strikes 
the Cooler atmosphere. 

Toothed whales. — Living whales arc arrayed m two major groups — the 
toothed whales and the whalebone whales. The former group is much more 
numerous; teeth are gcnerall> retained, and fish and squid are the common 
at tides of diet. The numerous varieties of porpoises and dolphins are close 
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lo the common stem of tlie group Typically there li a good battery of 
pcglike teeth Porjioise like cetaceans became common m mid-Tcrtiary 
times, in their \ery long snouts and in some further technical respects, the 
river dolphins of today are regarded as closer to these older t>^)es than are 
their marine cousias Such fresh water forms are found in the Amazon and 
La Plata rivers m South America, m the Ganges and Indus nvers of 
India, and m a single lake far inland in China As might reasonably be 
exjJected from the relatively small bodies of water in which they navigate, 
these dolphins arc siinll, from five to eight feet in total length The Indian 
doljihm IS quite aberrant in that it is blind, probing the mud of the river 
bottoms for concealed hshes and fresh water shrimjis 

Vmong the numerous marine members of this groiij) of smaller cetaceans 
there is considerable v ariation The term “poqioisc” is generally applied to 
the wialler members of the family which are short snouted llie familiar 
and plav ful Atlantic poriioisc never exceeds siv feet in length, ind there 
are a number of other species of similar size 1 he term “dolphin” jirojierly 
belongs to larger forms, with pronounced noses For example, along the 
•Vtlantic coast of North America the animal frequently called a “porpoise” 
IS actuallv the common bottle nosed dolphin, a larger animal (uj) to twel\e 
feet in length) The dolphin of the ancients is a ty]>c with worldwide <iis 
tribution but is especially abundant in the Mediterranean It axerages 
eight feet or so in adult length ami his a prominent beak 

Two interesting members of the family inhabit cold northern stas The 
"wlnte whale,” or beluga, is unique m its pure white coloration, but since 
it seldom reaches a length of more linn fourteen to sixteen feet, it hardly 
deserves to be called a whale Schools of tins grtganous cetacean may be 
found as far south as the St Lawrence River and the northern part of the 
Norwav coast Related and similar m many ways is the narwhal, notable 
for the jiresence — in the male onlv — of a greatlv elongated and spirally 
twisted tusk, fornieel bv the elongation of an incisor tooth Possibly tins 
structuie mav be used for duclmgpurjioses bv males in the mating season 
(This IS pure speculation, but no other reasonable explanation has ever 
been given ) 

Two final members of the dolphin family are often called “whales” with 
greater justice, if size be the criterion The blackfish, or pilot whale, a 
feeder on cuttlefish is found in large herds m the North Atlantic, it is 
black in color, as its name suggests, and has a rounded, swollen forehead, 
it mav grow lo as much as twenty eight feet Similar m size, but very dif- 
ferent in other respects, is the ‘killer whale”, packs of this black and 
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white spotted form may be found m e\ ery ocean region. This ij> an aggres- 
sive and vicious animal; it feeds to some extent on salmon and otlicr fishes, 
but sea birds and seals are its favorite food; it preys ujion other members 
of tlie porpoise-dolphin group; still further, a killer pack docs not hesitate 
to attack even the ver> largest of whales, many times their own swe. 

The reinaimng toothed cetaceans arc unquestionably whales Tliey are 
few' in numbers of genera and species. Three types may be distinguished — 
the beaked, bottle-nosed, and sperm whales The beaked whales get their 
name from the presence of a distinct projecting beak comparable to that of 
a dolphin The greatest length they attain is about twenty-six feet, and 
some species are much smaller Although teclmically toothed whales, they 
are, m fact, almost toothless, for the only teeth m the adult are usually a 
pair m the lower jaw, and even tlicse may be much reduced Tliesc forms 
are of little commercial importance The bottle-nosed whales, somewhat 
larger m size, also hav e beaks, but this feature is less prominent because of 
the presence above it (as in tlie similarly named dolphin) of a bulging fore- 
head. Tlie teeth are reduced in a fashion similar to tliat of their beaked- 
whale relatives. 

Laigest of all toothed whales is the great sjicrm whale, or cachalot. 
Uejiorts of individuals eighty feet or more in length apjicar to be on a jiar 
with fishermen’s stones, but autlienticatcd meosuremenU of sixty feet or 
so testify to animals of considcrabicbulk Curiously, however, this animal 
has a tiny relative, the pygmy sperm whale, which resembles it hi every 
feature excejit size, for tfiis IiUlc animal when mature is seldom more than 
a tlozen feet long 

In body jiroportions the great sjicrin whale is very different from all 
other cetaceans because of its enormous lie.id, bounded below by a short 
and slender lower jaw’ The size of the head has nothing to do with the 
skeleton, the front and u[>pcr parts of this niassiv'c structure arc occupied 
by tissues surrounding a great reservoir of oil, called “sjiermaccli'’ — as 
much as fifteen barrels of it in a large individual. This U presumably a 
valuable store of reserve footl for the whale — and made the sjicnn whale .i 
V aluablc catch for the whalers of the prc-jictroleum days. Apart from the 
spermacetic reservoir, the stniclurc of the sperm whale is fairly similar 
to that of the bcakeil and bottle-nosc<l forms, and even this rcsen oir li,i.s .i 
smaller counterpart in the latter form. As in those whales, the dentition is 
much reduced, allliougli the spenn whale rctants a row of small lower 
teeth Tooth retluctiou may be rckitcd to diet, for the sperm whale, like 
its beakctl and hotlle-noseil relatives, fccils on squitls an«l cullltfish. 
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1 he -ipci in w Inlc is. aKo the souicc of ambergris, a lightw eight material 
offensive in odor when fiesh but valuable as a perfume base, masses of it 
are fieqiientlv found flo iting m the sea or cast up on the shore* The inale- 
nal oiiginatcs in the whale’s intestine, liorny cuttlefish beaks are fre 
queiitly found embeddeil in it, and it has been suggested that they form 
the nucleus for its foimation (Note to fortune seekers specimens of sup- 
posed ambergris brought to inttseiiins foi identification iisuallj turn out to 
be sewage’) 

Whalebone whales — Sharjdy m irked off from the toothed forms are 
the wh ilcbone whales Here teeth liave been lost entirely Ihc huge mouth 
IS filled with a scries of sheets of whalebone, 
fringed with hairs at the edge and hanging 
down from the roof of the mouth in jiarallel 
lows like the leaves of a book This whale- 
bone IS composed of Inrdened horny skin 
In the roof of the mouth of the dog, for e\- 
ample, maj be seen crosswise ridges of skin, 
whilebonc is formed by the elaboration of 
such a SCI les of skin ridges 

These whalebone whales live upon plank- 
ton, small animal organisms found in sea 
water, particularly a tjpe of tmj shrimp, 
water, passing through the mouth, is stramc'd 
through the wlialebone filter, and the edible 
material deposited is licked off by the tongue 
It would be impossible for this tvqie of whale 
to swallow anv laige object (such as Joinh'), 
although the mouth opening nia> be huge, the gullet does not e\cccd nine 
inches in diameter It is paradoxical that these eateis of tiny food par 
tides should include in their number the largest animals of any kind that 
have ever existed 

Best known of whalebone whales are the “right whales ’’ These whales 
get their name simply from the fact that in early days this was the right 
kind of whale to liunt because, m addition to a good yield of blubbei, its 
whalebone was of excellent quality and, unlike some other whales of the 
group, the animals would not sink when killed Now rare inmost areas, the 
right whales once ranged the world over There aie a numbei of species, a 
pygmy member of the group is only twenty feet long, but tjpical light 
whales generally run to about sixtj feet m length as adults The head is 




Tlie rtg] t uhalc (alwra) a> 1 aperm 
»hale (lidoii) both haie lar^e 
hcad^bul dial o! tha nhaJeu 
mainly occupied I y the large 
mouth filled nith nhalebone 
platca ^^hile that of the sperm 
nhaic consists mainly of the great 
<1 ermaceti sac lyii g alios e tlie 
upper jaws 




A finback, hauled ashore on the Nom-egian coast. The finback (BalaenopUTa physatus) is a vcr>’ large 
whalebone whale reaching a maximum of 80 feet in length; the closely related blue w hale reaches 100 feet 
and is the largest of all known animals. These and other closely related whales, known coUectit c)y as ror- 
quals, are the major prey of the modern whalers. (Photograph courtesy American Museum of Xatural 
History, New York.) 



A bat on the wing. This small iasccl>catlng bat u seen in an instantaneous photograph nuule with Uie 
the stroboscopic camera by Professor U. E. Edgerton MassachusclU Institute o( Tecliiiotogy. Tlie 
structure of the outspread w ings is well dbplayed. Note the extra membrane area in front of the elbow an>l 
the membrane between Uie hind legs. The first finger has a free cUw fur clutdiing purposes. 




The skeleton of a whale (Zipkius) to show the extreme specializations of the cetaceans The hind legs 
have been lost the front legs shortened into steering paddles The seven neck vertebrae arc extremely 
shortened and the head is also mudi modified (Photograph courtesy American Museum of Natural 
History NewTork) 

Pangolins (6efou’) These dnellcrs in the Old ^\o^ld tropics ore among the oddest of mammab They are 
unique m their complete cov ermg of ov erlappmg homy scales In the absence of teeth and the presence of 
a long wormlike tongue and powerful claws they resemble the South ^mencan anteaters shown on the 
next plate but there is no ev idence of true relationship (New York Zocilogical Society photograph ) 
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large and blunt, ^\ith about the proportions of that of a sperm \vhale. But 
on even superficial inspection, it can be seen that it is built in very different 
fashion. In tlie sperm whale the head projier is enormous, the lower j.vw 
short and slender. Here the head appears to consist mainly of lower jaws, 
the line of the long moutli-oj>ening curving uj), back, and tlicn down, end- 
ing close to the small eye. This build of tlic jaws is necessary to giv’C a 
cover ov'er the enormous series of plates of whalebone, several hundred in 
number, hanging down from the roof of the mouth 

The rorquals, or fin whales, arc today the most important animals in llic 
whale fisheries; they were formerly negleclctl because the whalebone was 
of i)oor quality and smaller in amount, and — more important in earlier 
limes — because the carcass was hard to deal with since it tended to sink 
to the bottom. The head is broad but much more slender in side v lew than 
that of a right whale due to the lesser dcptli of the whalebone “battery”; 
the flippers, too, are more slender and tapering than in the right wliales. 
The “lesser” rorqual runs to but thirty feet in length, on the other hand, 
the great blue whale, or sulfur-bottom, a member of this group, is the 
largest animal in the world, readnng a inaMinum length of nearly one 
hundred feet and (judging by the known weight of smaller individuals) a 
weight close to two hundred tons, lielated to the rorquals is thehumphack 
whale, a fifty-foot animal with a stout build and very long flippers. Quito 
distinct from eitlior right whales or rorquals is Die “California” gray 
whale, a relatively alcnder-he.ided animal that never reaches more than 
forty-five feet in length It mhabiLs the North Pacific, generally spending 
the summer in the Arctic and descending along the American and Siberian 
coasts in the winter. 

Archaic wholes. — Little is known of cither the toothed or whalebone 
whale groups before the Jlioccne c|K)ch. In the Eocene, however, archaic 
whales, tile zeuglodonls, were already common in the seas. These were, in 
some cases, of considerable size (seventy feet is the a])parcnt maximum), 
with a body comparatively longer but slimmer than later whales; Die 
projiorlions were those which modem imagination a.scnbcs to the sea 
seqient. These forms w ere considerably closer to their laud ancestors than 
the typical whales. In the skull, forevamplc, the nostrils were still near the 
front of the head, and the teeth were very much like those of primitive 
flesh-eating niatnrnals. Not improbably the whales came from early creo- 
dont carniv ores w Inch gradually look up a fish-eating evistence in the w ay 
that otters and seals later <lul; but wc have no fossil reconi of the early 
stages in the transition from land to water. 
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liarj>oon li> sliot from a gun, from the deck of a power 4 ciscl; furtlicr, tJii* 
vessel does not do the job of cutting up the whale in the water and “render- 
ing" the oil on its own deck* the whale is towed to a mother “factory” 
vessel, it is pulled intact into this ship and “jirocesscd” in efficient, husi- 
ness-hke fashion With these commercial improvements, wlialing lias 
gamed a new lease on life, particularly in the Antarctic where whales — 
notably the rorquals, little hunted in early days — still abound. So success- 
ful have the new methods been that it has become necessary to establish 
an international commission to regulate whaling and attempt to prevent 
too great a depletion 

EDENTATES 

South America is the mam scat of an odd series of mammalian types 
usually known as the edentates (“toothless” rn.iminals), including ant- 
eaters, tree sloths, and armadillos The name is misleading, for, wliiic the 
anteaters are toothless, tlic others liave a considerable number of teeth; 
tlicse are of a degenerate stnicturc, liowevcr, being simply blocks of den- 
tine, lacking the enamel covering found in other mammals, and teeth are 
never present m the front of the jaws The brain is relatively small and of 
an archaic nature In all members of the order the limbs and girdles .are of 
odd construction, and in most there are large claws, these features suggest 
tliat, although many are terrestrial, llie ancestors of the grou]> were not 
improbably tree dwellers An additional fe.iture of the grouj) is (he pres- 
ence of a jiecuhar tjqie of articulation between the vertebrae 

The South American antealers are esscnli.any feeders not on ordinary 
ants but ujion termites, the “wliile ants” numerous in all tropic.il regions. 
The best-known form is the great anlcatcr, a spcct.ictilar-Iookmg fellow* 
with long hair and a long bushy tail, which reaches a length of si\ feet. 
The skull Is peculiarly developed for its insectivorous diet, the snout U 
lowg .vvwl sUwv, awd Uve jaws, vw Vive aVvsewee ot teeth, are quite feeivle. The 
inoutli i*t merely a small lcrmin.il opening from which .i longsticky tongue 
mav be evtended to gatlicr up the insect food. The front feet are armed 
with long, heavy, curved claws, which can dig ably into a Icrinile nest. 
These claws nuike ordinary walking difficult, anil in the front feet the 
claws aie turned inwanl, the weight resting on the outer shlc of the 
knuckles This animal is terrestrial; there are, however, two sm.iller forms, 
one no liigger lh.iu a r.it, which arc arboreal, have shorter snouts, .iiid 
prehensile tails. (Curiouslv , ]>rehen.silc tails m mammal', .ire almost 
evclusively a South Americ.m iialcnt. They are present in the ojiossuius, 
naliv e there; in the kinkajou among carnivores; in a Br.aihan porcupine. 
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In monkeys, also, sucJi a “fifth Iiand” is present only jn South A:nencan 
forms ) 

The tree sloths of the South American forests are among the oddest of 
mammalian tjjies Ihcy are small, stub tailed, nocturnal forms, with a 
growth m their hairy covering of liny plants (algae), which gues them a 
greenish tinge matching that of the surrounding foliage They are clumsy 
arboreal animals, with the limlis — iiarticularly the front ones — greatly 
lengthened, they spend much of their time slothfully hanging upside 
down from branches and holding on by their long, curved claws, two or 
three m number These leaf-ealmg animals have teeth, but these coinjirisc 
only four or five jiairs of cylindrical pegs in cither cheek The tree sloths 
show an interesting anatomical anomaly In mammals the number of ver- 
tebiae in the neck is almost invariably seven, the giraffe (with lU long 
neck) and the whale (with no visible neck at all) have the same number 
The only animals which violate this rule are one of the sircnians and the 
two species of tree sloths— of the latter, one has si\, the other, nine or ten 

The third living South American edentate grouj) is that of the armadil 
los, the only living mammals witli a bony armor ^ks in the sloths, there are 
peglike cheek teeth, here, however, they arc numerous and there may be 
as many as twenty five teeth in the check senes Not more than seven are 
present m a jaw ramus in any ordinary mammal, e\ce]>t for cetaceans, the 
sloths are the only mammals which transgress this u])per limit Thu most 
interesting armadillo development, however, is their armor— numerous 
rows of bony plates, covered with horn, over the back and sides of the 
body and even over the top of the head In the more primitive members of 
the group the armor forms a uniform senes of mov able bands the length of 
the body m more advanced types the shield consists of solid partitions 
over the hip and shoulder regions, with movable hoops between Armadil- 
los are omnivorous terrestrial forms, with stout claws which make them 
excellent buriowers In addition to a basic diet of worms and grubs and 
some vegetable food, they will eat birds’ eggs, birds or other small ani- 
mals, and carrion One form — the nine banded aimadillo — extends north- 
ward to the United States Until recently it was confined there to a small 
area in southwestern Texas Within the last two decades it has, however, 
spread northward across this large slate into Oklahoma and Arkansas, it 
has crossed the Mississippi and is seen occasionally from Florida to South 
Carolina 

Besides these three living groups. South America gave rise to two other 
and moie spectacular edentate types, both extinct — the great ground 
sloths and the glyptodonts 



Edentaiei The major group of 
toothless mammab is of South 
American origin It includes five 
mam types anteaters, armadillo, 
tree sloths, and the extinct ground 
sloths and glyptodonts 

Right, representatives of the 
three living types Most prominent 
feature of the large anteatcr, Myr 
mccophagua, is the long tubular 
snout, from which may emerge a 
very slender, sticky tongue an 
ant-catchmg device Among the 
vanous armadillos, the two lUus 
tratcd in the second figure are a 
giant South American form {Ptw 
don) and the familiar nmc handed 
form {Daaypua) The tree sloths 
suspend themselves from boughs 
by their sharply curved claws 
The specimen shown below is a 
two-toed form (C/wfoepus) a 
Uiiee claw ed form also exists 
The aardvark, earth pig, of 
South Africa (Moio right) is gen 
crally classed os an edentate de 
spite the presence of teeth (rather 
poorly constructed) Ke is not 
closely related to the South Amer 
lean forms, although his adapta 
tions for ant-catiDg arc similar to 
the anteaters (All photographs 
courtesy New York Zoological So 
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The ground sloths developed m South America m Terti iry limes and 
reached their ])eak in the Pleistocene, when a number of genera v\ ere pres 
ent m North America as well One form reached the size of an elephant, 
and others were as large as an ox Hiese forms were undoubtedly related 
to tile tree slotlis but were ponderous ground dwellers Asm tree sloths and 
anteaters, the feet were armed with good claws, this caused acluinsy tjpc 
of foot construction, which was complicated by the heavv bulk of these 
animals The gait was obviously a shuffling one the front feet rested more 
or less on the knuckles the hind legs bore down on the outer edge of the 
broad feet in the manner of the modern giant antealer These ground sloths 
appear to have been able to rear up on their hind legs m bear fashion to 
crop leaves from the branches of trees The anatomy of these aniin ils sug 
gests that, like their small living cousins, the ancestral forms were dwellers 
m the trees descending after an increase m bulk 
Related to tbe armadillos were the extinct glyjitodonts Ihtv were cov 
cred vvith armor which formed a solid, domed carapace cov ermg the entire 
trunk Not only was tlie head protected by bonv ]>Iates but the tail also 
was incased m a bony sheath sometimes bearing spikes Ihtse gUpto 
donts, some of them ten or more feet m length were a close mamin ilnn 
parallel to the armored dinosaurs of the late Cretaceous 
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grotesque, long eared beast which has well developed ant eating adapta- 
tions m the long snout, slim whiplike tongue, and powerful claws, but 
there the lesemblance to American anteaters stops There are peglike 
teeth of peculiar construction, and the animal m general resembles nothing 
else at all The term “earth pig” is not particularly appropriate, but there 
IS nothing with winch the animal can be compared 

Ihe pangolins of southern Asia and Africa liave, again, termite eating 
adaptations m the slim snout, long tongue, toothless mouth, and sharp 
claws They are armored but not by bone, instead, there are large over 
lapping horny scales, giving these creatures somewhat the appearance of 
animated pine cones 

Neither aardvark nor pangolin has fundamental features indicating 
real relationship to the true American edentates U'e know little of their 
fossil history, presumably they represent isolated types which have taken 
up termite eating as a vocation and liave, m relation to this, tended to 
develop similar ada^itive features 



CHAPTER 16 


Primates: Lemurs, Monkeys, 
Apes-to Man 


The order of primates is a group of particular interest to us, 
for it includes not only the lemurs, monkeys, and great apes but man liiin- 
sell; in the study of primate evolution u'e are studying our own kin, climb- 
ing toward the summit of our own family tree. \Ve shall, therefore, treat 
the ])rimates more fully than we have a number of other mammalian 
groiijjs. 

To the paleontologist the primates are a source of considerable dif- 
ficulty. We have well-documented i>cdigrecs for various mammalian types 
sucli as horses, camels, and dogs. In the case of our own ancestors we 
should like to present an equally adequate fossil history. Unfortunately, 
however, fossil remains of primates arc more rare than is the case in any 
other large group of mammals. The reasons for this paucity of material arc 
fairly obvious. Primates are, for the most part, tree dwellers; rock de- 
posits in which fossil vertebrates are to be found are not normally fornie<i 
in forested regions. Again, primates are mostly dwellers in the tropics, 
whereas most of the known Tertiary fossil beds arc in wliat are today 
zones of temperate climate. It is only in Eocene times, when tlicse regions 
(as shown by the vegetation) knew tropical conditions, that primates arc 
found to uny extent in the fossiliferous deposits of E\iroi>e anti Xorth 
America. 
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monkeys, the moie .uhanced moiikevs of the Old ^Yolld, tlie great man- 
like a])os, and man 

ARBOREAL ADAPTATIONS 

Piimates arc essentially aiboic<d, only a few foims (such as tlic baboons 
and man) ha\mg taken up .i life on the ground. There is evidence, ne have 



V «iii}p)ilicd family tree of tl c primalrs 


noted, suggesting that the pinnitiveplacentals were tiee dwellers to begin 
with, the primates have meiely conbnued on this ancestral track Arboreal 
life Is apparently lesponsible foi much of tlie progiessive development of 
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priniate characteristics; and, although man is not a tree dweller, this life 
of his ancestors has left its mark deeply upon !iim and is perhaps in great 
measure responsible for the attainment of his present estate. 

Limbs. — ^Locomotion in the tree has left the skeleton of the primates in 
a condition much closer to that of the primitive placentals than is the case 
in most groups. Flexibility is necessary for climbing trees, and there is 
none of the restriction of limb movement to one plane found in ungulate 
groups In contrast with such arboreal types as the squirrels, in whicli 
climbing is facilitated by digging the claws into the bark, the primate hold 
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useless but actually m the way Otheiwise there ha? been almost no reduc- 
tion of toes, the primates aie m this respect more conservative than most 
mammalian groups 

Four footed locomotion is the rule among primates, bipedal tendencies 
becoming apparent for the most part only among the higher meinliers of 
the order The hands, howe\ei, while primarily jiossessing their grasping 
adaptation m relation to locomotion, aie well adajited (m contrast to most 
mammals) for grasjnng food and other objects, and even among the Je- 
muis there is a tendency toward a sitting posture and the release of the 
fiont feet from supporting the body 

The iinmitively long tail is retained m almost all the lower primates and 
is appaiently of considerable use m balancing In many South American 
monkejs it has developed into a prehensile “hfth hand ” In a number of 
cases, however, the tail is icduccd or absent, and thcie is no evternal tad 
m the manlike apes and man 

Teeth — ^An omnivorous diet ap|>cars to have been general m early 
pi miates, and similar food habits characlenzc manj living types (allhcnigli 
Uiei t lias been a strong hci biv oroiis trend) The dentition is, Jience, usually 
Uss siieciahzed than in most mammalian gioujis, the molar teeth are low- 
ciowned with loundod cusps In diet primates arc not dissimilar to the 
swine, and the cheek teeth of these two groups are fairlj similar, indeed 
the teetli of a fossil native pig fiom Nebraska were foi a time mistakenly 
identified ns those of a manlike Ameiican ape In all primates, including 
man, the number of mcisot tecUi has been loduced fiom the original three 
to two m each half of each jaw, and theie has also been a trend toward 
leduction in the numbei of piemolai ( ‘bicuspid”) teeth from four to two, 
so tint the higher monkev s and man hav e but thirtj -tw o teeth instead of 
the foitv four ])iesent in our i>riiiiitive placental ancestors Piiinatcs are in 
gtneial shoit jawed and, consequently, short faced tjpes In most of them 
the emme teeth aie lalhei long and make effective biting weajions In 
man the\ have ceased to pioject above the geneial level of the tooth low, 
but tfiev still develop massive loots and mam leadeis may have noticed 
the f ict that, inconsequence, lliey aie slow to bieak the surface in a child’s 
dentition 

Sense organs — Aboie.iJ life has had a profound effect upon the sense 
oiguis -V ground dwelling mammal is m great mcasuie dependent upon 
smell foi his knowledge of things about him, and Ins olfactorv sense is 
highlv developed while sight is usually comparativelv iioor The reverse is 
tiiie 111 these arboieal tvqies, and in man, desceneled fiom them Your dog 
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recognizes you by smell \ou r«»gnizehim hj siglit For locomotion m the 
tree good ejesight is essential, and throughout the primate group there 
has been a progressi\ e senes of ad\ anccs m the \ isual apiiar itus E\ eii in 
Uie lemurs the e>es are large and there is a tendency to rotate them for 
ward from their primitive lateral position This results in a situation uhtro 
parts of the two fields of v ision overlap m Tarstus and the higher iiriinales 
the two fields aie identical In vertebrates below the mammals the ejcs 
appear to furnish the brain with two separate visual images In inaminals 
w liere tlie fields ov erJap lliere typically arises tlie stereoscopic t> pe of v i 
Sion well devcloiied m the higher primates In this condition there is a 
sorting out of the nerve fibers nmning from eje to brain so that the 
brain pictiues formed by the two ejes coincide and the minute variation 
between llie two pictures gives the effect of depth In addition the nion 
ke^s and all higher types possess in the middle of each retm i a speciahml 
region the central pit (fovea centralis) m w hicli detail is much more 
clearly perceived 

ith this miprov ciiient m v ision goes a corresjionding iltgencr ition of 
the sense of smell Even in the lemurs the olfactorv sense is ic<luce<I and 
m tlie manlike apes and man it is probably m the most rudimentary state 
to be found in aiiv terrestrial placental fins loss is pcrliajis regiettable 
e have no idea of the delicate nuances of smell w hicli mav be c\ ulcut to 
the aesthetic senses of manv other iinmin ils Had wc their scnsitiv itv to 
smell odoriferous art forms would prcsuniablv be tdded to the visu li and 
auditory tv pes and composers would perhaps write olfactorv s\ mjihoiues 
wc might attend the sniclhes as well is movies and concerts 

Brain — 1 he brain as well as the senses has been }>rofoundI\ innucnced 
In abort a! life Locomotion m the trees icfjmres gie it agihtv aid imisca 
lar CO oidmation This co ordm ilion m itself dematuis dev elupiaent of the 
hr an centers ind it is of interest lli it most of the higher menl d faculties 
ire ippareiitly dcveloiied m an arci alongside the motor centers of llu, 
bran Vgam the dcvtlopmenl of good eyesight reiiilcioil jiossihle for 
j>rim lies t far wider acquisition of knunlcdgc of their tin iroiuaent tli ai is 
possible for foinis which depend upon smell Ferhaps still mure imp irt mt 
m the evolution of jirmialc mcnlalitv his been the development of the 
grasping h lud is i sensory aid m the evaininaliou of ohje^cLs 

^^lth these potential ad\ int igcs to be gamed from am Iren 1 low ini m 
ere isenl inoiital ibililv it is not to l>c wondcrcil it th it solectne lelioalits 
rcstiltcil m monkevs a()cs ind m iii in the development of I tr,,c hraus 
m ( esi)e“Ci illv ofgrcillv e\Unde<l irt is of the gr ly m itler of the cerebri! 
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hemispheres in which the higher intellectual faculties reside. Primates all 
have relatively big brains. The cerebral hemispheres have grown back- 
ward and downward in higher anthropoids so that they almost completely 
cover tlie rest of the brain from view, and the area of gray matter is greatly 
increased by a very complex infolding of the surface. 

Skull. — -These changes in dentition, sense organs, and brain have been 
associated with great changes in the primate head. Most lemurs have an 
elongate skull of primitive appearance, with a long face and a long, low 
braincase. But with the reduction of the sense of smell and the concurrent 
abbreviation of the tooth row, the muzzle in most primates has shortened 
considerably, the face sloping sharply downward toward the mouth. 
\Miile the face has been reduced, the braincase has, on the contrary, ex- 
panded greatly in higher primates to accommodate the ever growing brain. 
In primitive mammals there was no bone separating the eye socket from 
the temple region. In a number of mammalian types a superficial bar has 
been built between these two openings. Such a bar is present in all pri- 
mates from the very first. But, in addition, monkeys, apes, and men have 
built up underneath this a solid partition between eye and temple. This is 
unique among animals. Presumably it gives a better attachment and sup- 
port for the eyes in their rotated position and also prevents the jaw 
muscles pushed out sideways by the e.vpanding brain, from crowding 
forward into the eye sockets. 


LEMURS 

Primitive members of the primate order are the lemurs, found today in 
trojiical Asia and Africa, more especially on the island of Madagascar. An 
ordinary ^Madagascar lemur of today is a fairly small arboreal animal, 
nocturnal in habits, with a bushy, hairy covering which contrasts with the 
rather sparse coat of most higher primates. The limbs are moderatclj' 
long, the ears pointed, and tlie eyes are directed more laterally Uian for- 
ward. The lemur face may undergo some shortening, but it is ia most cases 
a comparativ'cly long and foxlike muzzle. The tail, usually long, is never a 
grasping organ. Thumb and big toe are alw'ays widely separable from tlie 
otlier digits; the big toe is especially ■nell developed and has a flat nail in 
all forms, whereas the other digits are variable in their covering. Topical 
lemurs have a clawlike nail on the second toe (for scratching purposes) but 
normal nails on the other digits. Hieir name is derived from classical 
Roman days, ^hen the souls of the dead, haunting the night in similar 
ghostly fashion, were termed lemurs. 




Umurs. Upper left, a restoration of the Eo- 
cene fossil lemur Nolharclua, which toay be 
close to the ancestry of modem forms. Up' 
per right, a tjT)ical lemur of the type com- 
mon today on the island of J^ladagascar. 
This is the most primitive living form, witii 
a foxlike nose and eyes directed semen hat 
laterally. JUght, a slender loris, an advanced 
type of lemur from southeastern Asia; thU 
specimen was captured in Siam. Note the 
relatively short face and also the peculiar 
foot structure. Lemurs have hand-like feet 
with the thumb or big toe opposable to the 
other digits. ffoUom, a family of galagos; 
parents and twin offspring. Tlie galagos, or 
“bush babies," are inhabitants of continen- 
Ul itfrica. In these ads'anced lemurs the 
eyes, as con be seen, are large and turned 
well forward in the fashion of higher pri- 
mates, and the nose is mucli less prominent 
than in the t^’pical lemurs. (iVolharctus 
from a painting by F. L. Jaques under the 
direction of W. K. Gregory, photograph 
courtesy American ^tuscum of Natural 
History, New York; loris photograph by 
American i’rimale Expedition, courtesy 
Sherwood Washburn; galagos photograph 
courtesy F. dcL. Lowther.) 




Tcsrsius Seldom have these delicate little oriental primates been success 
fully exported from their native country This one In ed more than a 
year at Yale University The photograph shows the large eyes, reduced 
nose and the specialized pads on the toes (Photograph courtesy John F 
Fulton Yale University ) 

An Eocene tarsioid (fe/t) Arestorationofanearlytarsms like form (From 
Scott LaniMamm<il9\niheWestemHemupkeTe,hyptrTaiS’i\onot the Mac 
miUan Co publishers ) 
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As well as the more typical lemurs, ’Madagascar houses a number of 
relatives of varied size and build Tlie lv|)ical lemurs aie about cat size 
The mouse lemurs as the name suggests are tm> forms notable for an 
elongation of the foot bones wbiidi allow a hopping gait Ihc. indri'» and 
sifakas are, on the other hand, much larger, the former h iving a trunk 
length of tiso feet TJicy are ungainly looking creatures, with long limbs 
and, in the mdris with only a stub tail Oddest of Madagascar lemurs is 
the lilllt animal called (because of its crj) the ajc aye The front teeth 
are dcvdojicd as chisel like structures very similar to those of rodents (a 
feature also devclojicd in some early fossil lemurs) and the toes are long 
and slender A fav oi itc food is said to be a type of grub found in tree bark 
and an especiallj long third finger is said to he used m scoojung tins <leh 
cacy out of its hole Still further lemur types nowestmet were present in 
Madagascar in Pleistocene days some of rather monkev like appearance 
one large form (winch may have been scon before extinction by an cirlj 
explorer) appears to have looked much like a four footed caricature of a 
man 
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noted in a previous chaiiter that tlie oriental tree shrews appear to be 
intenncdiale in character, and many workers would, not unreasonably, 
place them, too, in the primate order. 

TARSIU5 

Much higher in the scale of primate evolution than any living lemur is 
Tarsius, a small nocturnal tree dweller from the East Indies. He has a pe- 
culiar rathke tail and long hind legs adapted for a hopping gait. These are 
specialized features in which Tarsius is off tJie main evolutionary line of 
primates But the rest of its structures arc curiously intermediate betneen 
lemur and monkey tj^ics. 

The brain is large, and the braineasc is short and rounded. The visual 
apparatus is much advanced over that of the lemurs. The eyes are excep- 
tionally large and are turned completely forward from the primitive lateral 
position, with the orbits close together above the nose. In this creature the 
two fields of vision are identical, and recent work indicates that stereo- 
scopic vision IS well developed. 

^Yhlle vision has thus advanced, the sense of smell has been proportion- 
ately reduced The foxlike snout of the typical lemur lias disappeared, and 
the nose has shrunken to a small nubbin tucked in between and below the 
eyes There is little projection of the muzzle (the tooth row is compara- 
tively short), and v\e have here the beginning of the tyjie of face found in 
monkeys, apes, and man. 

An interesting feature in which Tarsius shows aflSnitics witli the liigher 
jirimates is the fact that the placental connections between mother and 
young, instead of being distributed, as m lemurs, all about the surface of 
the sac containing the embryo, aie concentrated in one discoidal area and 
shed at birth just as in monkeys and man. 

Tarsius is not a monkey, but it is far above the lemur level. The living 
form IS too specialized in itself to be a true intermediate type, but it seems 
not unreasonable to regard it as an offshoot of a group transitional from 
lemurs to monkeys In the fossil record, however, the story is a blurred 
one In Paleocene and Eocene strata we find numerous remains of a varied 
assortment of small animals which are certainly primates below the mon- 
key level Some, we have noted, appear to be ancestral to typical lemurs, 
some definitely Tarsius ancestors, others do not fit well into either cate- 
gory, in default of knowledge of soft parts of the body. Apparently the 
early primates were a flourishing group of little tree dwellers which spread 
out into a number of lines Most were short-lived; modem lemurs and 
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Tarsiua represent two levels of evolution of tJiese early forms m the rise 
of primates toward the monkey level 

MONKEYS 

\\ilh Uie monkeys we reach the tliird and highest mam division of the 
primate group, that of tJie suborder Anthropoidca, or manlike creatures m 
a broad sense, including monkeys, the great apes, and man 
Monkey characters — In all iiiesc fonns we have a very distinct general 
advance The eyes were already large and placed far forward in Tarstus, 
but, in addition, in even the lowest of monkeys the special area (fovea 
centralis) in the center of the eye making for clear perception of detail is 
dev eloped the monkey s eye is on a par witli our ow n W ith this increase 
m vision we find that smell m anthropoid primates is unimportant and tlie 
snout usually much reduced 

The monkey is normally a four footed walker, but there is a great tend 
ency for an upright sitting jioslure and the consequent freeing of the hinds 
for the manipulation of food and oilier objects TJie brain is comparatively 
large m all members of the group, and Uie much swollen braincasc gives 
the skull a rather human shape The freeing of the hands and the perfec- 
tion of the visual apparatus undoubtedly give much greater scope to tlit 
higher mental status found m even the lowest monkevs ^^e speak i>ro- 
verbially of ‘monkey curiosity” Tins monkey trait is probably duo m 
great measure to the fact tliat the nionkc} has good eyesight he can sec 
more to be curious about Then, loo, he has a great advantage m a ineani, 
of satisfying his curiosity not possible in most animals he can handle the 
objects seen 

\\e speak often, with respect, of scientific research But, after all, whit 
IS research but the same old urge of the monkey to handle some new or 
curious thing? It may well be on a higher plane, but it is the simc mon 
ke> curiosity whicli has made our simian relatives the pests of the jungle 
llie anthropoids are readilj divisible into twogroups On tlieonelnnd, 
are llie South American monkejs (platynhincs) on the otlier, ire Old 
orld monkeys, tiie great ajics, and man (catarrhincs) 

New World monkeys — The South Amencan forms are geiicraiiv known 
as 1)1 itvrrhmcs, or ‘ flat nosed” monkeys, owing to the fact lliat tlic nos- 
trils ire widely separated, opening more sideways Uian forwanl or down 
\\ inl If we wish a further technical character we mav note that m tlicsc 
New I\orld monkeys there are three premolar teH.th m each half of c ich 
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jau, ■s\hereas in all the Old World forms, as in man, but two such teeth are 
present. 

TJie smaller forms among the Soutli American monkeys are Uie mar- 
mosets These little fellows arc squirrel-likc in general appearance, with 
thick fur and a bushy tail, and are, except for the short face, rather like 
tlic lemurs superficially. Some writers have suggested that the marmosets 
are really primitive monkeys close to the lemur ancestors. Others, how- 
evei, believe that their seeming primiliveness is due to specialization and 
degeneration As an example of marmoset specialization may be men- 
tioned the fact that the last molar has disappeared. In man this molar, 
the “wisdom tooth,” is degenerate and often fails to function; but with 
its total loss the marmosets have progressed fartlier Uian we lia%e in tliis 
one regaid 

i\Iuch more typical monkeys are also present in South and Central 
America, of these the organ-grinder’s monkey, the capuchin, is a t>q)ical 
representative (Its name comes from the fancied resemblance of a crest of 
hair atop its skull to a monk’s cowl.) In a majority of these forms the tail 
is not only long but has developed into a preliensilc organ of great utility. 
Some members of this gioup, the spider monkeys, are very clever acrobats 
with extiemely long limbs and no thumbs at all. An interesting side brancli 
IS tliat of the howler monkeys. These have a large, bony, resonating cham- 
ber m the throat, by means of the sounds emanating from it, night is made 
mournful in the South American forests. In contrast to the lemurs, the 
Soutli American monkeys arc almost all active in the daytime; and in 
contrast with some Old "World cousins, all are good arboreal forms, seldom 
descending to the ground 

Little is known of tiie fossil history of these Amencan monkeys, al- 
though there are some remains from middle to late Cenozoic beds in Soutli 
America They are as advanced as Old World monkeys in certain legards, 
more primitive in others At first sight, one would tend to say that they 
form an intermediate stage in the evolution of monkejs from lower pri- 
mates But tlie facts of geograjihy are against this. Quite surely tliey never 
lived anywhere but South America, separated by a broad ocean from the 
Old World, wliere (as we shall see) tlie evolution of higher monkeys and 
apes began at an early time Tliere aie no fossil remains of monkeys of any 
sort in North America Hence it is probable that monkeys evolved from 
higher, Tarmis-hl^e lemuroids twice, in jiarallel fashion — once in South 
Ameiica, once, moie successfully, in Euiasia and Africa 

Old World monkeys — Giouped as tlie catarihines are the monkeys of 
Asia and Africa, the manlike apes, and man. The name indicates one of the 
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many features in which they arc moie advancetl than the South American 
monkeys — tlie fact that the nostrils are closer together and open forward 
and down Tliere is a rather general tendency toward an increase in size, 
which culminates in the chimpanzee, man, and gorilla. Although primi- 
tively arboreal, some of the higher or more specialized tyiies, as man and 
the baboons, tend toward a terrestrial hfc The tail is often shortened or 
absent and never prehensile Primitively four-footed, some hav e tended to 
an arm-swmgmg ty}ie of locomotion in which the body is held erect; man 
has attained an erect postuie Altliough progression on the ground is usu- 
ally on all fours, the long arms bring the back into a slanting position, and 
sitting upright is the common c.itarrhinc pose when not in motion. The 
thumb IS usually well developed and opposable, and the big toe universally 



Bight, tlie jftw 0/ Parapitheait of the Oligoccne of Egypt. oMest knonn noDkey Length of original 
about laches Ztfl, the jsw of ProplupiOucut, oUeet known loanbke ape. from the same beds 
Length of onginal about inches (After Schlo^ser) 

so except where secondarily modified mman. The hairy covering ih always 
thin and the face naked 

The brain is large The face, primitively short, lends to elongate in some 
instances in correlation with a tendency toward a vegetable diet and aeon- 
sequent increase in toolli size Tlierc arc only two jircmolar teeth in each 
jaw half, we have finally arnvctl .it Uic stage of reduction still found in 
man, with only tlurly-two tcelJi instead of the original forty-four. 

Anthropoids dale back to the beginning of the Oligoccne epoch in the 
Old World In fossil beds of that age in the Faj uin district of Eg> pt Iiav c 
been found two jaws and other fragments which arc sufiicient to show that 
small primitive Old Worlil anthropoids had cv’olvod by that lime. At least 
one of the jaws, as nolctl below, even suggests the faint beginnings of the 
great-ape hue, other sjiecimcns, however, are more jirimitivc or truly 
monkey-hke in nature. 

The Oil! World monkeys include ngical variety of forms, with a wide 
range m structures and habits. All are, in terrestrial loconiolion, four- 
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footed types walking flat on palm and sole. Correlated willi tlie common 
sitting i)Ostuie is the universal presence in these monkeys of hardened skin 
areas, sitting j)ads (callosities), on the buttocks. Two groups of living Old 
^Yorld monkeys are easily distinguishable today: one grouji has cheek 
pouclies for the storage of food; the other has a complicated stomach, 
somewhat comparable to that of ruminants and with the same pui7)o>,e — 
the digestion of vegetable fodder. 

To the cheek-pouched group belong most of the small African tree 
dwellers seen frequently in our zoos — ^green monkey, mona monkey, etc. — 
often brightly colored and sometimes referred to collectively as the guenon 
monkeys. The inangabeys, easily recognized in a zoo by their white eye- 
lids, are West African forms, somewhat less agile and transitional in tech- 
nical features to the macaques. These last forms include the Barbary ape, 
present on the rock of Gibraltar — the only monkey inliabiting any part of 
Euroj)e today. Typically, however, the hardy macaques arc inliabitants of 
southern Asia, where they al>ound in numbers and variety; the rhesus 
monkey, frequently used in medical research, is a familiar representative. 
The macaques are less arboreal in habits than the common African mon- 
keys. The tail is frequently shortened, and tlic face is somcwJiat longer, for 
the grinding teeth liave tended to lengthen with develo])ment of belter 
cheuing power. Superficially this facial elongation — still more emphasized 
in the baboons— gives somewhat the appearance of tlie primitive mammal 
snout. It is, however, a secondary development, as witnessed by the fact 
that the nostrils, which had retreated backward with shortening of the 
face in primitive monkeys, open out above tlie snout, ratJier than having 
their primitive position higli above its lip. 

From the macaques several intermediate types lead to the African ba- 
boons and their hideous cousins, the drills and mandrills. These largest of 
monkeys have become as ])urely ground dwellers as has man; but tliey 
have become four-footed ground types, walking flat on palm and sole. In 
relation to their herbivorous mode of life, the tooth row and muzzle have 
become even more elongated. The baboons tend to operate in formidable 
bands which may be of considerable size. 

TJie second Old IVorld monkey group, that of forms with a complicated 
stomach for belter digestion of tlieir purely vegetable diet and without 
cheek ])ouches, has as central types the langurs of southern Asia, such as 
the sacred hanuman monkey of India. AH Uiese forms are good arboreal 
tyi)es, showing none of the ground-dwelling tendencies of the cheek- 
pouched monkeys. An interesting variant in this group is the proboscis 
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monkey ^ith, in old males particularly, along pendant nose which outdoes 
that of man in its development and is said to be attractive to tlie ladies of 
the species. African representatives of this group of vegetarians are the 
guercza monkeys, ^^ith manes of long hair, often strikingly colored, ex- 
tending down the flanks. Reduction of the thumb, seen in several i)rimate 
types here reaches an extreme for Old World forms; there is never more 
than a tiny vestige of this generally useful digit. 

Monkey society. — Man is not only an intelligent animal but a social 
animal as well. So, to a considerable degree, are his monkey cousins. In 
various groujis of vertebrates tliere is some 
tendency for numbers of individuals to 
aggregate as herds or flocks or swarms, 
usually rather loosely organized; and there 
are also numerous situations in which 
care of the young keeps parents and 
offspring together for at least a short 
season. Such tendencies are strongly em- 
phasized in higher primates, very prob- 
ably due initially to the fact Uiat here 
breeding is not seasonal but may occur at 
any time, and that young primates liave 
a longer period of infancy. In consequence Uic need for care of the young 
is essentially continuous and some sort of sustained family or group or- 
ganization is necessary. 

The great apes are difficult to study in the wild, and we know relati\cly 
little about Uiem except for tlie gibbous (who enjoy a strictly monogamous 
family life). But monkey habits arc well known in a number of cases. The 
psychologist Carpenter, for example, has studied the liowler monkeys in 
U\e tTopical forests. These totvws trwxel about the Sotests iu 

fairly large bands and in an amicable fashion. To be sure, some individuals 
are dominant, but everyone knows his or her place in society and generally 
kce])s it. Rallier shocking to Us is the fact that there are no jiermanciit 
marriages; instead there is a general and friendly jiromiscuity. Wien trav- 
eling through Uie tree tojis, the old males scout out the jialh for tlie tribe, 
and if there is an argument with anoUier group over territory, the two 
groujis of males wage the battle. But even tills is conducted without blood- 
shctl. They howl; and the group that howls the loudest wim*. 

Baboons and macacjiics arc often kcjjl successfully in zoos in large 
groups and their behavior has liecn studied by Zuckermann and others. 


Head of on adult male prolxwu monkey 
(tS'atain Icrralut) (From i^X!Ock.) 



322 Tilt MUTbnn-m STORY 

The results are somewliat embarr.i!>sing, for they present a picture includ- 
ing the elements of human conduct but in the raw, lacking the veneer — 
and miiibitions — generally seen m human society In a baboon colony the 
question of dominance — ‘who is who” m power, from the most muscular 
males down — is constantly in the picture A fight may be necessary to es- 
tablish i baboon’s iiositiou in the “jicck order ” Once established, the indi- 
vidual acts with ])ropnety as becomes his station, he may bully tliose be 
low Inm but submit to bullying by his jiccrs Here there is marnago of an 
essentially permanent nature '1 Jus consists of each of the more dominant 
males corrahng as many females as he can and keejung other males aw ay 
from a haicm over which he rules Tins is a society and one of some com 
plcxity m the interrelationships of tlie individuals which compose it But it 
IS hardly a source of pride to think Uiat this may have been the type of 
social setup out of vvhicli human societies eventually emerged 

MANLIKE APES 

But the Old World monkey groups, interesting as tliey are m showing 
how monkeys can vary in structure and adaptations, haveJittJe to do with 
our own lustory Our ancestors came from a third line of nionkej evolu- 
tion —one leading to the development of the anthropoid apes TJiis line 
diverged from tliat of the modem monkeys at a very early date, for m the 
same Egyptian beds where are found the earliest known monkejs occurs 
the jaw of an aiumal winch is definitely a small ancestral anthropoid ape 

Structure of the great apes —The anthropoid or manlike ape group in- 
cludes four living types the gibbon, the orangutan, the chimpanzee, and 
the gorilla They range in size from the comparatively small gibbons, 
through the chimpanzees (a bit smaller than a man but with powerful 
muscular strength), thiougli the orangs (of essentially human size), to 
gorillas (sev eral times as heavy as man) The skeleton is rather close to the 
human tjqie The chest is broad and flattened, w ith a broad breastbone, m 
contrast to the thin, deep chest of monkeys and of mammals m general 
Tlie hands are fairly similar to lliose of man, but the fingers are generally 
quite long m comparison witli the thumb, and the arms are elongate, the 
legs, on the contrary, aie short The foot is stiil an excellent grasping struc 
ture, w itli tlie toes long and the big toe opposable to the others m handlike 
fashion 

These features, particularly those of the arms, seem to be associated 
with the great ape tj pe of locomotion Except for the gorilla, all the great 
apes clamber about the tiees to some extent, with all four limbs being 
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Monkeys Sharply divisible into SouUi \mcncan and 
Old 'NN orld groups the lormer are the more pr«nil»\c 
Tno SouUi AmencaQ forms are liiustratcd above a 
p} gmy marmoset and the black spider mon 

key The tnarmosels are the smallest of all monkeys and. 
except for their faces look mudi like squirrels Blore 
‘ normal ’ Sew 'World monkeya are the capuchm moo 
key, favored by organ grinders, and the spider monkeys 
(dir lea), agile acrobats which parallel the gibbons in Ibc 
use of Uieir long arms 

kt the right of the page are sev eral examples of the 
Old W orld monkey group Top, iim tCanuman monkey, 
the sacred langur of India Aexthclbio the block guenon 
(CercopuAcctu), tjpical of the African arboreal mon 
kc>s f/oaom. the mandnU peculiarly pigmented, long 
snouted, and short tailed an extreme example of the 
ground-dacllmg baboon tjpe (lU photographs cour* 
Itsy iScw York Zoological Society ) 






Porfreif of an oeroba^ V gibbon captured m Siam of tlie An adoletceni femole chfmponiee 
species seen in act on on the opposite page (Photograph by Mcshie reared in an Vmcncan /amil> 
American Pnmate Expedition courtesy Harold J Coo. (Photograph courtesy Harry C Ea\cn) 
Udge ) 

Orangutans young and old Below UJl a young 
specimen showing the coaca>e prodle character 
utic of this East Indian ape Note the smalt 
thumb and n ith an opposable b g toe on the hand 
like foot Ihght an old male shoaiog thecharoc 
lerutic development of a ring of calloused skm 
atound the face and a skm fold below the chio 
(FhoU^raphs courtesy New York Zoological So 
cicly ) 

An adult male highland goriilo (below rtgfd) 
shot m the Kivu district of the Belgian Congo 

Thu animal wc ghed more than the three scien * V> ^ f Xfn ' I, ^ 

lists shown la the photograph put together t 

(Photograph courtesy Harry C Haven) ^ 






Chimponx** life Extemive studies oa Uie be* 
havior aad mentality of cliimpanzees, are 
being made by tbe Yerkes Laboratories of Fri 
mate Biology at Orange Park, Florida Oa this 
page are slionm photographs of characteristic 
activities 

Upper If/t, a SIX year old female chunpanzee 
using a ‘ cbimpomat * (\arict> of automat) to 
get food as reinard for success in an ezpen 
ment (Courtesy of Drs J B ^^oIfeandH 
Nissen ) 

Upper right, half grown chimpanzees work- 
ing co-operatively to get food by drawing a box 
toward them (Courtesy of Drs II P Craw 
ford and H W Nissen ) 

Left, a chimpanzee family mother at left 
with two-weeks old infant clmgmg to her 
while she busily grooms the father (Courtesy 
of Dr R M Yerkes ) 

Lower left, a full grown female chimpanzee 
usmg a push button drmking fountam to get 
water to wash her hands She is pressmg the 
button with one foot whde catching the water 
with her cupped hands (Courtesy of Dr R M 
Yerkes all photographs courtesy of Yerkes 
Laboratories of Primate Biology ) 
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used But with increasing ^\elgllt, four footed running along a single 
branch becomes difficult The weight is better distributed if the ape rests 
his feel on one branch and grasps a second overljmg one with his liands 
From this it is but a steji to the lyjie of locomotion m which these forms, 
particularly the gibbons and orang, are adejit These ajies swing b> the 
arms from bough to bough much as one swings along the traveling rings in 
a gymnasium, a tyjie of locomotion technically termed brachiation ^Vith 
this feature is associated the trend in apes, noted above, for long arms, 
long, hooking fingers, and relative reduction of the thumb (w Inch is, m this 
method of locomotion, more of a nuisance than a help) Tlic feet are so 
definitely adapted to a grasping function that most great apes cannot walk 
flat on their soles but must support Iheir weight on the outer side of the foot 
It will be noted that m swinging by the arms the body is necessarily held 
erect Except m Uie gibbons Uiere is little tendency for tlie use of the erect 
posture when on the ground But the front limbs of all these apes being 
much longer tlian the hmd, the body is nc<»ssanly lilted up considerably 
in front even in four-footed walking Erect ])osture, an essentially human 
character, tlius has its beginnings among these tree-dwelling tjpes 
The brain is large, especially m the gorillas, but its grow Ih has not kept 
up proportionately with increase in bodily bulk, and lU rclalivtly small 
size IS m great measure responsible for the r.itlicr ferocious ajijKaranco of 
such a form as the gorilla, with its low forehead and beetling brow ridges 
Tliere is, as in most mammals, no chin, the jaw sloping awa> under the 
lips The grinding teeth tend to be rather heavy and elongate, giv mg more 
of a projecting face than m man, and tlic canine teeth are prominent 
Gibbons — Smallest and most priiiiitive of anthropoid ajies arc the gib- 
bons (including hoolock and siamang) of the Malay region The ordinary 
gibbon does not exceed tlirec feet or so in standing jiosture Alone among 
living anthropoids these small ajies customarily walk erect when on the 
ground, with the extremely long arms used as balancers But this tjpc of 
locomotion is comparatively rare, for tlie gibbon is a highly dcvtlopcil 
arboreal acrobat capable of feats vvJiich no circus artist could atlcmjit to 
imitate The gibbons are also notable for vocal abilities, onl> the South 
American howling monkeys can successfully comjitte witli tJicin in eJfcc- 
lue broadcasting The brain cavity has a capacity of about 90 cc In a 
modem EuropeanmantJic comparable figure is about l.aOOec The gibbon 
IS, unquestionably, a much less mleUigent creature than the other, higher 
apes, Init m considering brain size, we must t ike mlo account also the hid 
that we arc dealing willi a much smaller crtalurt 
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Orangutan — The orangutan, tiie "wild man" of Borneo and Sumatra, 
IS a red haired beast considerably larger than the gibbon, adult males 
reaching nearly fue feet m height Tlie orang brain is \ery much larger 
th in that of the gibbon, reaching a niaxiinum of over 500 cc m capacity, a 
figure more legitimately compared to man’s a% erage of 1,500 cc , since man 
and oiang arc in the same size-class There is no development of heavy 
brow ridges and the consequent ferocity of appearance which vve get in the 
gorillas and to a lesser extent m the chimpanzees, the eyes are set close 
together above the deeply concave nasal region, giving a type of face quite 
unlike tiiat of other ajies The orang is, again, a good arboreal type, with 



as long-ieuicii this is not llif case nitb chimpatutv or gonUi tlie lr(,s htieshortencd I ul tt eartns 
nre not proportionately long (From V II SohulU ) 

long arms which can reach the ankles in tlie erect position, the orang and 
the lemaining gieat apes, however, go about the trees m a more leisurely 
and less spectacular fashion than the gibbons 

This ape, while obviously above the gibbon in station, is probably far 
off the line leading to the two liigher manlike ajies and man, and but little 
IS known of its fossil history 

Higher manlike apes— chimpanzee and gorilla — Thus far our primate 
history has with few exceptions been one of increasing adaptation to ar 
boreal life But our present knowledge, small as it is, leads us to believe 
that by hliocene times a new tendency was already beginning, the first 
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traces of a return from the trees to the ground Three living creatures are 
descendants of the ancestral forms in which this trend first apjicared Tuo 
fonns, lire chimpanzee and the goriUa* have not gone far \vith this process 
of terrestrial adaptation, nor have Uiey met with great success, a third 
form, man, has succeeded 

The great African apes, the chimpanzees and gorillas, are quite similar 
to each other m many respects and are obviously closely related Both 
these living types are less pronounced in their arboreal adajitations than 
the lower apes and monkeys The chimpanzee is more at liome on the 
ground than are the gibbons and orangs but is still essentially a tree 
dweller The gorilla, on the other hand, is (j>articularl> as regards the 
highland t>pe from central Africa) essentially a ground dweller and takes 
to the trees but little In bath forms the amis are much sliorter than in the 
lower manlike apes but arc nevertheless quite long as compared with the 
legs — this m contrast with human proportions Both are large animals, the 
chimpanzee reaching as mucli as five feet m heiglil, the male gorilla, six 
feet, the chimp rarely exceeds 125 pounds m the wild, but the more mas- 
sive gorilla, it IS said, sometimes reaches a weight of six hundrci! pounds in 
an old male 

Brains are comparatively well develojied m these great apes That m an 
exceptional gonlla may attain a maximum of C30 cc , this is halfw a> to 
the average of certain human races And intelligence, too, is increasing 
Recently there has been considerable experimental w ork done by ps> chol- 
ogists in testing the mentality of these forms, particularly the chimpanzee 
They seem to show the rudiments of a human type of intelligence There is 
a good memory, so that chimpanzees are generally much belter than tJic 
average mammal at learning by trial and error such problems as which one 
of a choice of symbols or procedures will give a desired reward (usually 
food) But, more than that, there seem to be the beginnings of rtasomng 
power as we use it Tor example, instead of merely jumping blindly and 
vamlj for food suspended out of reach, the chimpanzee may, of its own 
volition, pile up boxes to stand on or fit together sticks with which to 
knock the food down 

The diimpanzce and gorilla thus have tended toward ground-dwelling 
(although not as bipeds) and tow anl a human jic of mentality These arc 
features which would be expected m human ancestors Neither of these* 
living apes, obviousb, is a direct ancestor of man, but the evidenee sug- 
gests strong!} that we arc Jicre deiling with members of a group of ani- 
mals from which man might well have descended 
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But tlie evidence presented by these living apes leaves us with a puzzling 
problem with regard to the history of locomotion in the evolution of man. 
All these forms are brachiators, and it is not unicasonable to think that 
man’s arboreal ancestors went in for at least a bit of arm-swinging before 
they descended from the trees But the lower the ape, the more highly 
specialized the braehialing habit; the more like man, the less are the limbs 
specialized for acrobatics. Did llie human ancestor first tend toward the 
limb build (and habits) of a gibbon and tlien revert to more Imman propor- 
tions? This seems unlikely, and some able workers have, perhaps in reac- 
tion, gone to the opposite extreme and advocated a descent of man from a 
primitive anthrojioid along lines quite distinct from those leading to his 
vulgar living cousins 

Fossil apes. — ^Yhat does the fossil record give us by way of an answer to 
this surmise’ Tlie answer must, at the present time, unfortunately be a 
limited and qualified one, and until recently was extremely limited. We 
have long known fragmentary icmains of rather advanced anthropoid 
apes from the RLocene and Pliocene rocks of the Old \VorId, chiefly in tiic 
Siwalik Hills of India, where we find fragmentary remains of large pri- 
mates To most of them has been applied the scientific name of Dryopiike’ 
CU8 (the “oak-ape”) so called because of the presence of oak leaves in the 
deposits from which the first remains of this form were obtained. The finds 
consisted almost entirely of teeth and jaws This was disappointing; but, 
fortunately, teeth are the most characteristic parts of any animal, and 
these teeth and jaws have been carefully studied. Of these fragments we 
can say that they possess featuies found today in but three mammals — the 
chimpanzee, the gorilla, and man — but in default of any knowledge of the 
face, braincase, or body proportions and structure, we can go no further. 

In recent years, however, some light has been shed on the problem by 
materials from East Africa There, in the region of Victoria Nyanza, have 
been discovered fossil beds of early Miocene age — later, that is, than the 
Fayum beds that have the oldest anthropoids but definitely earlier than 
those with the tantalizing fragments of the “oak-apes.” Some of the pri- 
mate material discovered pertained, as might be expected, to ordinary (if 
extinct) monkeys and a gibbon relative Moreinteresting were a number of 
specimens of a more advanced great ape, named by its desenber Proconsul 
(in honor of Consul, a performing diimpanzce of his acquaintance). There 
is some variation in size among the specimens of this form, but on the 
whole they indicate animals of considerably smaller size than the larger 
apes of today, the best-preserved skull, for example, is only about five 
inches long. The skull and jaws are defim'tely of an advanced ape type but 




A mountain bongo nhonos 

a longtime resident at the San Diego 
Zoo IlewassboutlSjcarsoldiKhcntlio 
photographs tvcre taken and neighed 
C02 pounds The upper picture shows 
well the quadrupedal pose of gorillas 
The crest atop the head is charactcnslic 
of Uie mountain gorilla of Central Vfrica 
Like the mudi lower crest m the gonlios 
of the western lowlands and the chimp s 
eyebrow ndges tlicsc crests ser>c os at 
tachment for the muscles whidi sup 
port Uic massne lower jaw and chewing 
apparatus (Pliolographs courtesy Belle 
J Bcnchlc) Zoological Soacty of San 
Diego ) 
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Fossil apes Abort side and front viens of the 
skull of a fossil ^reat ape Proconsul from the 
early Miocene of East \frica (after Le Gros 
Clark) Belov Oreopithecue a small form from 
the Italian Pliocene which shows features sug 
gestive of human relationships This is cur 
rently being intensively studied by Dr HUrae 
ler of Basel only the parts in light color are 
well preserved f7t;A( Dryopiiltecut ( oak 
ape ) a relatively large form of which frag 
mentaiy remains such as those figured have 
long been known from the late Tertiary of 
India and Europe 
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quite unspecialized; such an animal might liave been ancestral to tlie 
modem chimpanzee, but, more than this, there is little in tlie aniraars 
structure to debar it from ancestry to the gorilla or e\ en man. In fact, in 
the absence of certain specializations of skull and teetli which are found in 
chimpanzee and gorilla but never developed (it would seem) in Uie human 
line, little Procoiisul seems cv en closer to an exjjectcd ancestor of man Ilian 
to living great apes 

’lYhat of the problem of the history of locomotion, which concerned us 
in the discussion above? Regrettably, Uttleof the skeleton of Uie body and 
limbs has been so far discovered Those bones which we do have indicate 
that the animal was slenderly built and obviously active and agile. Fur- 
ther, there is enough material of the arms to show that although Proconsul 
may have brachiated to somecAlent, he had not become markedly special- 
ized in this direction. Stdl further, lliere is some evidence from tlie mate- 
rial that lie may liave progressed to some degree on the ground and was 
not purely a tree dweller. This is in agreement with geological evidence 
suggesting that Proconsul, unlike tlie modem chimpanzee and goiilla, did 
not live in a dense tropical forest but in an environment rather like that 
found in much of East Africa today — a savanna country, with patches of 
woodland separated by grassy prairies 

How and why man’s arboreal ancestors left tlie trees for the ground has 
been often discussed Did they descend voluntarily, seeking advantages to 
be found in life on the ground? Or were lUev driven out onto tlic earth by 
competition with primate cousins? A third allemalive is suggested by 
geological evidence indicating that in middle Tertiary times grasslands 
increased greatly at the expense of forest areas; ancestral men may have 
been forced to become ground dwellers because the forest, so to speak, dis- 
appeared from under tlicm. A fourth idea is one not unrelateil to tlie hist, 
suggested by tlie conditions thought to be present in Uie Miocene land- 
scape of East Africa. Even if Proconsul was prmiardy a tree dxicUcr, lie 
could not have traveled far vviUiout crossing open plains. lie may have 
evolved potentialities as a ground walker so that he could live successfully 
in the trees (a seeming paradox, parallel to tliat which wc have alre.idy 
citcil in tlie case of the tclrapod anccstois, namely, tliat they became able 
to walk on legs so that tlicy could slay in the water). 

FROM ARE TO MAN 

Human versus ape characters. — ^Tlie gulf between the living great a|>cs 
and a modern man at first sight seems to us a huge one, but, as, a matter of 
fact, the anatomical features which dhlingubh men from .vpcs arc com- 
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paratu tly feu Bone for bone, muscle for muscle, oigan for organ, almost 
every feature of the ape is repeated m the human body The differences are 
almost cntiielj differences in proportions and relations of parts, the struc* 
tures arc almost identical 

Ihc differences are related mainly to locomotor habits and brain 
grouth Among the higher apes ue have seen trends touard erect posture 
and touard terrestrial life, man alone has carried out these tendencies to 
tlieir logical conclusion and has become a ground du elling biped Ills arms, 
not used for suinging from llie branches, are comparatively short The 
evidence of Proconsul indicates, we have seen, tliat our ancestors probably 
never liad the disproportionately long arms and short legs of the extreme 
brachiators llie human hand except for its someuhat greater flexibility, 
IS of a jiriinilive primate type, while the living great apes have tended to 
elongate the fingers except the thumb, for hooking over branches 

A greater difference between man and other primates lies m the foot 
In the great apes as in primates generally, the foot, like the hand, is an 
efficient grasping structure But this is an awkward affair for ground life, 
particularly in a biped where the feet must bear tlie entire weight of the 
body In man the toes have shortened, the big toe has been brought into 
line with the otliers and the heel bone is cicjianded for a pro]) at the back 
(this last feature was already partially developed in the great ajies) In 
the evolution of erect posture tlie backbone has become more sinuously 
curved tlian m the apes, with the result of bringing the trunk and head 
directlj above the hips and centering the vv eight over the legs 

In the great apes there is more of a muz 2 le Ilian in man, for the teeth are 
more powerful and longer the canines, too, jiroject In man the teeth are 
less jiowerfully developed, and the face is shorter the nose has become 
moie prominent and the chin has developed m modem types 

Outstanding of course has been tlie development of the brain In mod 
ern human races the average brain size ranges, roughly, from about 1,200 
to 1 500 cc or on the average, two to three tunes that of the great apes 
Tills diffeience has, of course been responsible for many changes m tlie 
proportions of the skull and the general appearance of the head, the reduc 
tion of the heavv eyebrow ridges, and the develojiment m their jilace of a 
high forehead Brains have been responsible for giving man, otherwise a 
rather feeble creatuie the place m the world which he now occupies But, 
except in size and the great development of certain areas which are pre 
sumed to be the seat of the higher mental faculties, ev ery feature of tlie 
human brain finds its jiarallel m the brain of the great apes 
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Man has gone far and, ^\e trust, may go still farther along ne« lines of 
evolution But m his every feature — ^brain, sense organ*, limbs— he is a 
product of pnmate evolutionary trends and owes, m Jus higli estate, much 
to his arboreal ancestry, to features developed by his Tertiary forefathers 
for life in the trees 

South African man apes — The differences between man and living apes 
are, as we have just seen, rather trivial and would not concern us were we 
dealing with some other group of animals But human evolution is a mat- 
ter of personal concern, and we naturally desire m this case to close the 
evolutionary gap Discoveries of fossil forms m South Africa, which are 
structurally intermediate between apes and primitive men, have m recent 
years gone far toward satisfying this desire 

Some three decades ago limestone cliffs at Taungs m the western Trans- 
vaal were being quarried for cement making In the deposits were par- 
tially filled caves containing remains of fossil Pleistocene mammals (no 
tably baboons) However, one skull, sent for study to Professor Dart, an 
anatomist at Johannesburg, was startlingly different, for it was that of an 
anthropoid different from any living or fossil form To this specimen the 
name Australopithecus ("southern ape”) was given Part of the bramcase 
had been lost, but this was rather an advantage than otherwise, for its 
removal exposed a cast of mucli of the brain The individual was a young 
ster, the stage of eruption of the teeth corresponding to a human child of 
siY or sev en The youth of the specimen was an unfortunate feature, for the 
differences between a young ape and llic Jmnian infant are much less ob 
vious than differences between the adults The creature was certainly be- 
low normal human mental standards, for estimates of brain size indicated 
that the adult brain would have been much closer m volume to tliat of 
the great apes than to that of man However, the j oungster’s skull shows 
marked differences from those of clumpanzccs and gorillas of similar age 
ihe teeth, jiarticuUrly , show many human characters, although tlicy arc 
of quite large size for the jaws (a feature not found in eitlier Ivpical great 
ai>c* or tyjiical man) It was hence claimed that Auslralopilhccus was a 
very advanced ape tvpe approaching, altliough not reaching, tlie liuman 
level 

This claim appears to be sub*lantiated by liter discoveries of adult 
skulls from other quimcs in the Transvaal by tlic veteran iiilcontologist 
Broom, lus successor Robinson, ami furllicr work bv Dart himself Troiii 
four other localities have been recovered remains — fortunately adult re- 
luam* — of advanced anthropoids related to the ongiiial fonu, alUiougU 
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differing to a fair degree among themselves (and rather unnecessarily 
given a number of different generic names). 

Nearly all the remains arc those of skulls and jaws, none entire but 
among them giving us a nearly comi)lcle knowledge of these structures. 
Tlie adult skull is very similar to the structure predicted from tliat of the 
child; it is, of course, much more apelike, with a face projecting to a con- 
siderable degree and with a low forehead and prominent brow^ ridges. 
Nevertheless, it is much less apelike than that of a gorilla or chimpanzee 
and a bit more toward the human side. The muzzle is less projecting than 
in the living great apes, the brow ridges are much less prominent than in 
the liigher apea; and while the forehead is low, it U much more domed 
above and the whole bramcasc, in rather human fashion, is set Jiigher 
above the face than m great apes. Particularly interesting is the rear of the 
skull In four-footed primates, and even in great apes, the back of the skull 
is a flattened area to which are attached the muscles holding the skull 
Straight on to the backbone in a more or less horizontal position. Here tlic 
braincase slopes smoothly down behind; the muscles were attacJied to the 
underside of the skull. This fact, and a related shift in the position of the 
condyles which join tlic skull with the backbone, jirovcs that the skull was 
set, much as in man, at right angles to the summit of the backbone and 
that (as already deduced from the imperfect infant skull) the creature 
stood erect, or nearly so. 

In skulls sufRcienlly well preserved to allow the size of the brain to be 
estimated, the figuies do not run above 700 cc. or so — that is, far below 
any human standard and no bigger than tliose for large gorillas. But rela- 
liv e to the size of the creature, the brain is jiroportionately large, for most 
(not all) of these man-apes appear to have been small, with a height of 
only four feet or so — about the size of modern pygmies. 

The teetli are barge for the size of the skull and jaw but, as in tlie child's 
skull first discovered, are closer to tlic human than to tlie ape pattern. 
The canine teeth are stout but wear down to the general level of the tooth 
row, rather than remaining as projecting “tusks” as in many apes. Par- 
ticularly significant is the shape of the tooth row In apes the teeth in 
either upper or loner jaws are arranged (as shown in our figure) to lorm 
three sides of a square, the canines placed at the comers. In all men they 
are arranged in an ev en curve, and this is the case in the “southern ajies” 
as well. 

Of the rest of the skeleton our knowledge is very incomplete But sucli 
bones as we have are much more of the iiuman pattern than of the ape 




South African mon>ape». Tlie first .iuifra/o* 
jnihtcut ("soulhem bpe”) find, m 1025, ^«as 
the skull of a child (upper left), follo’ncd by 
later findings of adult specimens Left, an aduU 
Autlralopilheciu, lefiheloie, PaTanfkTopvi,&,xQ- 
Jsted form, Ulow, an auslralopithcone skull 
and jaw. restored Alon, home life os it may 
have been among these man apes (Juvenile 
skull after Professor Ilnjinond Dart, adult 
skulls from Dr J T Robinson, restored skull 
after Dr Robert Broom, dranmg from Life, 
by hlicliacl Ramus ) 
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Pithecanthropuf the Java apeman 
The onginal remains nere found on 
the banks of the Solo Ri\er near the 
village of Trinil The site is shoam at 
the left hlost of the excavation vias 
made by a later expedition nhicli 
found however no furtlicr human 
bones Next below (fr/O is a view of 
the original skullcap seen from the 
upper surface LotcerngJt a reslora 
tion by Dr J II McGregor of tlic 
skull The dark I ne from brow ndges 
to the back of the skull marks the 
lower limit of the orig na! specimen 
Below this point reconstruction was 
once hjpothelical New and better 
bramcase finds together with con 
siderable portions of upper and lower 
jaws now enable us to picture the en 
tire skull with considerable confi 
dence Thu skull is closely compa 
rabic to 5 nanlAropus pictured over 
page Zoirer Ufi a bust in wb ch the 
fiesh and sicto have been carefully re 
stored b} McGregor to give an idea 
of the appearance of PiiAecanthropus 
m 1 fe (Site after Selenka and 
Blanckenhoro other photographs 
courtesy J 11 McGregor) 
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type and confirm our impression tliat ne are dealing with an erect ground 
dweller and not an arboreal ape. ParUcularly significant arc the hip bones, 
Uie pelvic girdle. In all other primates besides man the upjier bone of this 
structure (the ilium) is relati\ely narrow. In man tliis bone is greatly 
broadened, in relation to muscular needs for erect posture; in Attstralo~ 
piihecus tlie bone is nearly as broad as in a true man. 

Were these “southern apes” purely southern, or is the fact that our 
specimens are all from South Africa merely due to accidents of preserva- 
tion and discovery? There is some suggestion that they were actually 
widespread in the Old World at an early Pleistocene stage, and the indica- 
tions of this also help in solving a seemingly unrelated puzzle. 



\ patiUl tli« upper (oath row of (, m clnaipanjc?, H, an au:sCralopi(liccino, and C, a modem 

man ( Itutraiisn), to tltow tiie iuuihrity of the rowtded cune of the auslralopithccme tooth row to 
that of man and the strong contrast uith lltat of a modern great ape (Iroia LcOros Chrt ) 

In the 1930’s a Dutch scientist, \on Kocnigswald, dUcovcretl in a Chi- 
nese merchant’s shop some primate teeth obtained from a Pleistocene de- 
posit. These note teetli either of an advance*! ape or a pnmitiic man, hut 
of cnoimous size, so that if the teeth had llie same jiroportions to the rest 
of the skeleton that is usual in ajics and man, their former owner must 
have been a giant among ])riniatcs, far larger than a gorilla. The same 
worker also discovered in Java a fragnieiil of a jaw wliich appeared to be 
that of a primitive man, also with very large teeth. Dr. von Koenigs- 
w aid (and the teeth) presently dis^ippcared into a Japanese iirison camp in 
Java. During the war, before he (and the teeth) rc-cmerged, a distin- 
guished student of fossil man. Professor Weidenreich, proposed the hy- 
pothesis that this material indicate*! that man had come from giant-ape 
ancestors. Hut we have notc<l that in austnilopitliecines the teeth arc 
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disproportionately large for the animal Very probably these Asiatic finds 
(and a similar find from East Africa) belong to members — or descendants — 
of that man ajie group, and the bodies to which these teeth belonged may 
not have been of anything like Uie size that good Dr Wcidcnreich 
imagined 

\Miat sort of life did these man apes lead^ They were definitely not 
tree dwellers, for the country in which they dwelt appears to have been 
then, as today, essentially an open one They were, at least in part, car- 
nivorous forms, for the caves 
m which tliey lived have 
jielded numerous remains of 
animals w Inch appear to hav e 
been used for food supply, 
particularly abundant are 
baboon skulls, broken and 
with the brains removed (A 
repulsive note Uie known 
skulls of the man apes them 
selves ajipear to have under- 
gone similar treatment, per- 
ha])s for similar reasons ) Al- 
though there is no trace of 
tlieir having manufactured 
tools of any sort, it is possible 
that they inaj have used animal thigh bones to bash the heads of their 
prej , and m one site there is a suggestion of tlie use of fire 

^Miat is the evolutionary position of these “southern apes”^ I have here 
included them in a chajiter dealing with apes rather than one concerned 
with men and have called them “man ai>es“ rather than “apemen ” Butin 
fact, placing them in either category would be equally proper (or im 
proper), for, as we have seen, they structurally split the difference between 
primitive man and the type of true ape from which man might be ev 
pected to have originated But does this mean that they are actually hu 
man ancestors’ This is debatable The age of the South African specmiens 
is still not too well settled Probably all are to be regarded as Pleistocene, 
but some may be well along in that period If so, they are too late in time 
to be ancestors of man, for primitive men and implements made by them 
are know n far back in the Ice Age Tbe extreme opposite point of v lew , 
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(ilium) in the australopitl ccine in contmt Milh Ibe 
narro ler great-ape ilium (Prom LeGros Clark ) 
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held by some, is that these man-ajics are not at all related to tlie human 
line and simply rej^rcsent a sterile side line of advanced apes whicli jjaral- 
leJed man in certain features. But llie human resemblances are so numer- 
ous that tills is difficult to believe A reasonable point of \ie\v, based on 
current evidence, is that the auslralo])ithecmes may well represent a stage 
in tile ascent of man, but that part if not all of the known South African 
forms may be surviving relicts, later in time than the actual members of 
tlie group from which man arose. 



CHAPTER T7 


Human Origins 

TIic hibtory of man is, quite naturally, of particular interest 
to most of us, and, quite naturally, we would wish to inquire into it in 
greater detail than m the case of other animal lines. This eagerness for de- 
tails regarding human history is, however, somewhat embarrassing to the 
paleontologist As with the primate group in general, ancient remains of 
man are rare It seems probable that the center of our early evolutionary 
history lay in Asm or Africa, regions which are comparatively poorly ex- 
plored and which have yielded few remains. The human story is hence 
very fragmentary and inadequate at the present time. Our knowledge is 
constantly increasing, many of our most important fossil finds have been 
discovered within the past few decades, and, doubtless, with the continued 
advance of exploration and research other interesting finds will continue to 
be made For the present, however, vve can merely describe the isolated 
remains so far discovered and mention the theories as to lines of descent 
which they suggest. 

THE ICE age 

Human evolution is essentially a Pleistocene story. Advanced manlike 
apes are known in Miocene and Pliocene rocks, and types transitional to 
man were presumably in existence in the latter epoch. These are, however, 
quite unknown as fossils, and we have at present no human remains back 
of the Pleistocene, which covers (at the most) only the last million years of 
earth history. 

This epoch was marked by the occurrence of a vast amount of glacia- 
tion Great sheets of vee formed in the northern regions of Europe and 
North Amenca and, moving southward, coveied large poitions of those 
continents with great glaciers, while smaller glacial areas foinied about the 
higher mountain ranges of the Temjierate and ev eu Tropical regions (and 
a southern ice cap, which persists today, covered Antarctica). Such condi- 
tions (which might easily recur if the average temperature of our present 
Temperate Zones fell but a few degrees) unquestionably exerted a pro- 
found influence over the life of the northern continents. As the glaciers 
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moved southward, regions with warm climates changed to temperate 
areas, to pine forests, to barren tundras, and, finally, if in the glacial path, 
became deeply covered with slowly moving masses of ice; with the retreat 
of the ice cap this sequence was reversed. 

Pleistocene animal life. — Under the influence of conditions of this sort, 
we might expect vast migrations of animals and the extinction of forms 
unable to adjust themselves to new environmental conditions. \Ye might 
expect, too, that changed conditions, with a premium jdaced uj)on adapta- 
tions to meet them, would stimulate evolutionary development. The Ice 
Age may have been a potent influence in the advance of man. 

^Vmong the animals with which our Pleistocene ancestors contended 
were most of the living forms and, in addition, many types now entirely 
extinct or much restricted in their distribution. In Eurasia there were 
great elephants — mammollis — of several lyivcs, the woolly mammoth of 
the north and types adapted to wanner conditions in the south. Uhinoc- 
eroses were abundant in Eurojjc, and great herds of horses were present on 
the steppes which covered much of tliat continent. Remains of giant bears 
and lions arc plentiful in £uro{>can cave deposits. T))c reindeer ranged at 
times south to southern France, and, on theotlter liand, the hippopotamus 
reached England during the warmer parts of tlic period 

In North America, too, there were many creatures now extinct. Here, 
also, were various types of mammoths, as well as the mastodon, a more 
primitive proboscidian. Camels and horses roamed the American plains. 
Giant, short-snouted bears, lions, and great saber-toothed cats were 
among the most conspicuous of carnivores. Gro.it ground sloths, one as 
large as an elephant, were numerous, .and in the south were present the 
glyptodonts, giant cousins of the armadillos. 

The glacial areas. — Wc must not overemphasize the extent of the Pleis- 
tocene glaciation. It was almost entirely confined to the northern Arctic 
and Temperate Zones, and even here v'ast regions were untouched. In 
North America the line of the Ohio and Missouri rivers marks out, rough- 
ly, the outer limits of the .advance of the glaciers arising in arctic Canaila. 
In Europe, Scandinavia was the center of a glacial area which coverctl 
most of Great Britain, northern Germany, and northern Russia. The Aljis 
fonneil a sm.allcr center of .icliv ity from which glaciers dcsceiHled the moun- 
tain slojics some distance into the surrounding areas, and other Euro|)ean 
mount.ains fonned minor centers, ^fuch of northern and ccnlnal .Ui.i ap- 
pears to have been unglaciatcd, although with a cold climate, and large 
areas of Europe .md North America wore never touchcil by tlic ice caps. 
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The glacial sequence. — When glaciation was first seriously studied, 
somewhat over a century ago, it was thought tiiat there had been a single 
advance and retieat of the ice. This is now, however, known not to have 
been the case; there were wide fluctuations in the extent of the glaciated 
areas, and, betw’cen successive advances of the ice, regions in tlie glacial 
areas have had climates seemingly wanner than they have today. 

In America glacial studies have resullc<l in the clear distinction of four 
successive glacial maxima, between which for long periods of time — lens 
or even hundreds of thousands of jears — there were long interglacial pe- 
riods with teinpeiate to waim climates in the northeastern United States 
and southern Canada In Europe studies of the Alpine glacial areas have 
furnished considerable evidence that there, too, there were four times of 
maximum glaciation, with three interglacial periods. These four maxima 
have been given names derived from Alpine localities in wliich the deposits 
formed at that time are well preserved — Gunz, Mindcl, Riss, and WUrm, 
names chosen partly because tliey follow one another in alphabetical as in 
chronological sequence The Gunz and Minde) glaciations may have oc- 
curred close together in time in the early Pleistocene, with but a short in- 
terval between them The Riss and Wiirin may have been similarly associ- 
ated toward the end of the Pleistocene. A long, warm, major interglacial 
period may have occurred between the two great times of ice activity. 
These ideas have been incorporated in the accompanying diagram. 

Dating human remains. — Debatable as Ibis subject of tlie number of 
glaciations is, it is the only “timetable” we linve for most of the Pleisto- 
cene, and it is unpoi taut to attempt to lie our know ledge of human history 
into this glacial sequence This, however, can be done only in a limited 
way, and the evidence is none loo clear. If human remains weie actually 
found in glacial deposits, their position could be determined with com- 
parative ease, but the edge of a glacier is not the place that man would 
seek as a comfortable habitation, and such finds are negligible. Finds in 
caves often occur in stratified fashion, thus giving us a sequence for fossil 
remains, but these cave deposits usuallycoverbut alimited period of time. 
The advance and retreat of the ice caps affected climatic conditions over 
large areas and caused great fluctuations in the flow of streams far from the 
glaciated areas These vanable conditions resulted in the dev elopment of 
terraces representing old valley levds along stream channels, and the se 
quence of remains frequently found in sucli terraces may be determined. 
Associated with glacial advances and retreats there seem to have been 
great fluctuations of the roast Imes. In a number of regions are found 
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coastal terraces, indicating that the shore once lay at Iiighcr levels, some- 
times sev eral hundred feet above the present strand 
In tropical and subtropical regions the glaciers cannot, of course, give us 
direct evidence of the geologic age of human finds Indirectly, however, 
they are of aid Changes in the glaciated regions presumably influence 



TLc Northern Ilcmupl ere on a north polar projection to show t{ c extent ot the Pleistocene Klacia 
'tioi/^^tifcrfcii^-arctsni’iliaWj ’^ic'prdoi6wm*xnuuai‘e3ttedvifr|rj^k‘iee‘m‘i*‘c' vo/in 
North Pacific u jniJ cuied Tlie glacutol area rnclujcd tnainij' larj^e arcaj of North \tncnca an I 
northern lurojie «iUi various ovitl ers tn tl e VIps Pjrciees an 1 oU cr moui tai i chains Much 
of western and central I urope was free of ice «\en at the times of extreme ice advances, but obv loitOy 
had a cold climate at such limes Part of VfaLsa was never icc-cnvered and except at tl e extremes 
of glaciation a migration route (if a chiilj one) praumaUi exter Je<] southaard i car tlie Rorlucs 
(Vftcr Pin 1) 

climatic conditions m far distant regions In corrclalion \\ ilh this, w orkers 
m the tropics find strong evidence of a sequence consisting of two wet or 
“pluvial” periods separated b> a dry “mlerpluvnl ’* Hie wet sla},es cor- 
respond, it w ould seem, to limes of glacial adv anccs to the north, the carl> 
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correlate with the glacial timetable, and this timetable, in turn, is still not 
too surely established. Hence dales in years assigned to earlier human 
finds must be regarded as only tentatue in their nature. Helpful in age 
determinations is the recently developed fluorine test. Bone well buried in 
tile earth is liable to be bathed, periodically or constantly, by ground 
water. This lyiiically contains minute amounts of tlie chemical element 
fluorine, and some of the fluorine, in the course of time, comes to be depos- 
ited in the bone, the longer the bone lies in the ground, the more fluorine it 
comes to contain. Unfortunately, this lest cannot be used to give an abso- 
lute determination of time, for the amount of ground-water fluorine to 
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which a bone is exposed vanes from place to place It can, however, be 
highly useful m giving tlie relatue age of bones sujiposcdly from tlie same 
layer or deposit it was, for example useful in exposing the Piltdown hoax, 
discussed later 

But for giving absolute and fairly accurate dates for at least the tail end 
of the fossil story, two methods arc available — one geological one cheini 
cal The abundant waters flowing off the margins of glaciers, particularly 
during tliL summer carry with them mineral particles which are deposited 
as thm layers of cla> , termed ‘varxes, m nearb> ponds or lakes Summer 
and winter layers differ m color and thickness and tlieir thickness may 
vary from year to year, with variations in the weather A vertical cut 
through a clay bank formed near the one time margin of a glacier may 
reveal dozens or even hundreds of these annual varves Ihcsc can be 
measured for thickness and niatchul with overlapiung varve senes farther 
out from the glacial center or closer to it As a result, m Europe and less 
perfectly in North Aincnca we can establish a fairly accurate timetable m 
years for the retreat of the last glaciers and estimate rather accu 

rately the age of any hones or iinplcmcnts that can be tied in to the varve 
sequence 

Unfortunately only a very small fraction of the material can be tied m 
thus Much more important — in fact, causing a major revolution in work 
in human paleontology and archeology — has been the recent develop 
ment of a chemical method using carbon 14 m age determination 

The element carbon is the basic clement in all living matter An atom of 
ordinary carbon weighs the equivalent of twelve atoms of the lightest ele 
ment hydrogen But commonly present m the carbon dioxide m the air 
and hence taken up by plants is a small fraction of a different form of car 
bon — an isotope (as variant forms of an element are termed) with an 
atomic weight of 14 rather than 12 \\ hen wood and bones are first buried 
they contain the normal fraction of carbon 14 But this isotope is unstable 
and gradually breaks dow n to become another common element, nitrogen 
The rate at which the change occurs has been determined by the physi 
cists half of the amount present in an object if buried will disappear in 
somewhat over 5 500 years Inconsequence if a chunk of organic material, 
such as a piece of wood is obtained from an ancient human site and chemi 
cally analyzed the percentage of carbon 14 still present will give us a rea 
sonably accurate determination in years of the age of the deposit Use of 
this method in the last decade or so has shed much light on the later 
phases of human history But there is an unfortunate limitation The 
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breakdown of carbon-1-1 Is, from a geological point of vieu’, a rapid one; 
after about 25,000 years, so little is left that accurate determination is im- 
possible for sites of greater antiquity; even after 10,000 years or so, the 
dates obtained are none too precise. 

HUMAN CULTURES 

Although the skeletal remains of ancient man are our main concern in 
this chapter, cultural objects are generally found associated with such fos- 
sils, and w'e should therefore consider, it briefly, cultural as well as physical 
evolution. 

Many of the works of man are made of perishable materials such as 
vegetable fibers, w’ood, skins, and hair, whieli disintegrate rapidly in the 
earth. For his primary tools and weapons, however, man has always used 
harder and more lasting materials — metals in more recent times, stone in 
earlier days. 

Flint. — Among the types of stone available, man early discovered the 
value of flint as a material for the making of implements. Whereas many 
types of stone are composed of mixed materials which fracture irregularly 
and frequently abrade all too readily, flint is a homogeneous, siliceous ma- 
terial which is extremely hard and retains an edge well and yet can be 
readily chipped by an experienced band into a variety of useful tools. 
Flint occurs as nodules in clialk rocks, common in many parts of the 
world, and hence was available for use by numerous ancient races of man. 
In the absence of flint otlier materials were used — quartzite, sdicifled tuff, 
hard shales, etc. — but these are generally inferior in their properties and 
make relatively crude implements. 

We can distinguish two major types of stone tools used by man in hU 
early history. In one, common in certain of the oldest recognized cultures, 
it is the nodule itself wdiich fonns the implement; flakes arc struck from it 
until the remaining core has been given the desired shape. The second 
type, by far the more common, is that in which the flake-i ratlicr than the 
core are the implements. 

In many cases the flakes appear to have been struck off the core more or 
less at random. Such flakes may be useful without further w ork being done 
upon them but frequently were retouched, a series of smaller chips being 
removed along the margins to give more iierfect shape and greater useful- 
ness. On the other hand, the shaping was sometimes done before llic flake 
was struck off; the core was prepared by preliminary chipping, so that 
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when the flake was dislodged by a skilfully directed blow, it uas already of 
tlie desired contour and needed no further work done upon it 

j;Vs a result of these methods ancient man %\as able to manufacture a 
variety of implements In some cases ue can hardly guess as to the uses 
to i\hich they uere put but they appear to include a variety of scrapers, 
knives, awls chisels, etc , which experiment shows can do effective work 
upon such materials as wood and hides 

Below we will characterize briefly the sequence of cultures which the 
studj of such remains shows to have occurred in the process of human 
development These stages are termed ages* Tollowing a vague period m 



Fol ths from Pel liocene of Kent Ln>,Und These en I many oU cr Cnds of Tertiary flints supposed 
to he of human manufacture are in ma > cases at feasi probably of natural origin ( Vflcr Ifarrison ) 

which man may have made the first steps in tool making they include 
(1) the Paleolithic, or Old Stone Age, covering much of the Pleistocene and 
frequently divided into Lower, Aliddlc, and Upper periods (2) the Meso 
lithic Age of the early millenniums of gcologicallv recent times (3) the 
Neolithic or New Stone Age when man first began to lead a settled rather 
ihan a nomadic exislence and (4) the melaV ages. Bronze and Iron, which 
carrv the story down to histone times 

Eoliths — ^In Middle and Upper Pleistocene deposits we find numerous 
stone tools which were defimtely made by man and which fall into well 
recognized categories in characteristic cultures But before this level was 
reached there must have been stages during which man made his first 
crude experiments as a toolmaker and tool user availing Iiimself of such 
pieces of flint as came to hand or at the most knocking off a few chips to 
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fashion the piece to his hand or to his desires. To flint finds believed to be 
of this nature, the term “eoliths,” or “dawn stones,” is often applied. But 
it is obvious that it is a difficult if not impossible task surely to tell such 
implements from stones chipped or worn through natural causes, and the 
status of many supposed discoveries of tliis sort is dubious. Numerous 
finds of flints from the early Pleistocene have been claimed as man’s 
handiwork. This is, a priori, not unreasonable, and this period may per- 
haps be termed the Pre-Paleolithic; surely by the beginning of the Pleis- 
tocene man’s ancestors must have 


advanced beyond the apes, and 
many of these flints give some ap- 
pearance of having been worked. 
However, equally convincing eo- 
liths have been described from 
the Ifiocene and Pliocene, when 
it is probable our ancestors were 
still on the ape level. These are 
open to considerable suspicion, 
and skepticism is even stronger 
concerning still older eoliths from 
the Oligocene and even the Eo- 
cene, when not even a monkey 
ivas in evistence. 

Lower Paleolithic. — In contrast 
with this dubious situation is that 
which we encounter when we 



Examples of the hand ax, or coup de jioing, from 
Ablctiilean fChellcan) {tr/l} aetd Acheulcan (rifkl) 
deposits. Alxiut I natural sjsc The Abbc\il)ean 
t>'pcs are CTudcl^ made, those (rotn the Acheulcaa 
are more firmly chipped and thinner and the edges 
straighler (After Cole ) 


progress into the middle portion of the Pleistocene. Here man w as a maker 
of stone tools which, although frequently crude, are readily identified and 
classified by the expert. 

The classic Lower Paleolithic cultures arc those identified nearly a cen- 


tury ago in the terraces along Uic Somme lliver in northern I’rancc at 
Abbeville, St. Acheul, and other towns in the Amiens district. In Iboc cul- 
tures the characteristic tool was the hand ax, or coup dc poiuQ (although 
flakes were used as well). This was a lar{^ nodule of flint often tvcighiiig 
several pounds from which chips had been removed to give it an ahnond- 
like sliape, the rounde<l end fitting the palm, and a cutting edge extending 
down either margin. Tlic older phase of this type of culture, in which the 
hand ax was crudely prepared, is the xS.bbeviUeau;* in tlic succcctling and 


‘ Formerly termed ClicUcxn. 
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closely related Aclieulean the implement was more carefully fashioned and 
the cutting edges straighter. Abbevillean and Aclieulean types are wide- 
spread in Middle Pleistocene deposits in ivestern and southern Europe; 
beyond this region they ha\ e been found as far cast as India and south 
through Africa to the Cape. 

But it has been found in recent years that there were other svidcsjiread 
cultural elements in the Lower Paleolithic. In Europe there evisted, along- 
side the hand-a\ cultures, others in which the implements were made ex- 
clusi\ely from flakes, not cores. Their classification and relationships are 
by no means settled as jet. We may 
note the Clactonian culture, char- 
acterized by an abundance of small 
rough flakes, and the LevalloLsian, in 
which the jirincipal tjTie w’as a large 
thin flake struck from a carefully 
prepared core. 

During tlie last two decades there 
has been emerging knowledge of still 
another culture comjilex characteris- 
tic of the Middle Plelstoceneof south- 
eastern Asia. In this wc find, in addi- 
tion to flakes, a core tool; this latter is 
not a hand ax but a crude, masaive 
chopper, made by striking some flakes 
off a modesl'sized cobblestone. Such 
cultures are present in India (the 
Soan culture), Burma, China, and 
Java and are of great interest be- 
cause thej' appear to be associated 
with the early human types of that 
area — Sinantkropua and perhaps Pithecanthropus as well. 

Apart from the bare knowledge of their tools, we can tell little of the hfe 
of men of the early Paleolithic except by inference. Occasional discoveries 
of hearths indicate that they were users of fire. Clothes, if present, can 
ha\ e been only in the shape of hides But there is no indication of homes 
of any sort, probably nothing beyond the use of natural rock shelters and 
caves or of boughs arranged as a windbreak. They were without agricul- 
ture or domestic animals and hence must have been nomadic hunters and 
food gatherers. All in all, their life, judged by modern standards, must 
ha\ e been on a low plane — and a most disagreeable one. 



A L«\allou«t}'pc Sake Large flakca of lliu sort 
are characUrutic of many horizons of the 
Loner and Middle Paleolitlnr The flint nod- 
ule from nhich they nere struck oft nas first 
prepared by chipping the surface to the de- 
sired contours After the flake nas detached 
by a sharp blow no further nork nas done upon 
it In consequence one surface (the oripnal 
inner one) is smooth, c\cept for a swelling 
(termed the "bulb of percussion”) near the 
point where the blow was struck The specimen 
illustrated was nearly 5 inches long (From 
De Mortillet ) 
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Middle Paleolithic. — Later in the Pleistocene, during much of the last 
(^Vlirm) glaciation and the warm period preceding it, the characteristic 
European culture is the Mousterian, which derives its name from the rock 
shelter of Le Moustier in southern France. In the typical ilousterian the 
hand ax has disappeared, and we find instead a variety of flake tools w hich 
are carefully shaped by retouching. This suggests, as may w ell be the case, 
that the iSIousterian has been derived from the flake cultures of the Low er 
Paleolithic. There is no sharp line of demarcation between Lower Paleo- 
lithic and this period, and earlier types of implements still persist in the 
Middle Paleolithic Even the hand ax is found in some sites of this ago (as 
at La Micoque in France), while the large flakes characteristic of the 



^loustenan imptemenU from llie rock skellcr of La Fcrr8»5ic, France Most arc ^tcU>ebapc<l fiinl 
fakes Vi all the edges carefully retouched (Doncs II) ncrc u>ed for flaking flints h) pressure or 
as chopping blocks (After Capitan and iVjiony ) 

Le^alloisian are frequently encountered with typical Jlousterian imple- 
ments The Mousterian is common in many parts of Europe and on cast 
■hito Pa^esViiie, west Turkestan, and Siberia, and ciosciy related cuiturcs, 
together with the LoalloU flakes, are widespread in Africa. In many parts 
of iVsia, howc\er, the Mouslenan is unknown. In the Middle Paleolithic, 
in contrast to earlier cultures, the makers of the tools are definitely known; 
in numerous instances the Mousterian sites ha\ e yielded remains of Xean- 
derthal man. 

Upper Paleohfhic. — Tiie last phases of the Whriii glaciation (and hence 
the \cry end of the Pleistocene) arc characterized by the Upper Paleo- 
lithic cultures. Here for the first time we arc dealing with implcnicnts 
definitely associated with men of our own species. Homo sapient. In Eu- 
rope the cultures of this tune are well known and ha\c recciscd names 
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based on sites m central and southern France At the beginning of the 
period, as much as 30,000 to 40,000 years ago, there appear to have 
been two somewhat distinct cultures, the Aungnacian and the Pcngordi- 
an Succeeding them, we find m many sites a Solutrian layer containing a 
culture of a different type, winch may have represented a relatively brief 
invasion of western Europe from the east This is m turn succeeded for 
a relativ ely short time by the iMagdalcnian and related cultures, represent- 
ing a local ev olution from the Aungnacian and Pengordian The Solutrians 
appear to have been nomadic steppe hunters of wild horses, the “native” 
Upper Paleolithic peoples of Europe, although likewise hunters, of course, 
seemed to have been less nomadic, although probably migrating with the 
seasons between outdoor shelters and caves 



Upper Falcohtl >C scrapera from llie casern of Font^e-Gaume Long blades of fl at sunply but 
effectively worked are characteristic of the Aungnacian and Magdalenian (Alter Capitan, Breud, 
and PejTony ) 


Flint work m the Upper Paleolithic cultures has as a major feature the 
production of a great variety of long slim blades, many suitable for kmv es, 
struck from a carefully prepared core and further "touched up”afterward 
A characteristic type is that known as a graver (or bunn), in which the 
end of the blade was used as a knife point The Solutrian was charac 
terized by large “laurel leaf’' and “willow leaf ’ blades These were care- 
fully shaped by the removal of small flakes through pressure rather than 
hammer blows 

New cultural features made their appearance in the Upper Paleolithic 
Bone, previously little used, is extensively employed, particularly by the 
Magdalenians An interesting item is the discovery of bone needles A nov 



Arf of Upper Paleolj»h«c man Utis 
tic impulses unobsmed in tiie oul 
tural remains of earlier human types 
were strong m the days of Cro-Sla 
gnon man in Europe Vnllers bone 
and soft stone materials vs ere carved 
or engraved as in the examples seen 
at the lower left Particularly str king 
arc the finds of engravings and paint 
mgs on cavern walls m southern 
France and northern Spam Below 
right apartofthecavemofFont-de 
Gaume in the Dordogne reg on of 
France \scr esofbisonsvserepamtcd 
on the bosses of tlie rough rocky wall 
at the left of the photograph One of 
these bisons is illustrated (^gki) as 
wellasapair of reindeerfrom another 
part of the same cavern Many of the 
cave paintings are colored with local 
claj-s — dull reds and umber — and 
show artistic skill (Mobile art objects 
courtesy American Museum of Sat 
utal History New York other fig 
ures from CspiUa Breuil and 
Peyroncy ) 
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el feature is a marked development of art, especially in the Magdalenian. 
!Many engraved and carved bones and statuettes have been disco\ ered, 
for example, and especially striking are the engravings and paintings 
which adorn the walls of a number of caverns in southern France and the 
Pyrenees. In a number of cases they are colored — for example, in red, yel- 
low, and black, and most show a high degree of artistic skill. Humau 
figures are rare; most arc those of animals which were hunted, such as 
bison, reindeer, mammoths, and we can be confident that their purpose 
was a hunting magic, to give the hunters some sort of religious hold over 
their potential victims, 

Altliongh our present knowledge of them is limited, similar Upper Pale- 
olithic cultures were widespread in Asia and Africa, in India and China 
to the east, and Kenya to the south. In some cases these appear to be close- 
ly comparable to the European Aurignacian; in others local terms have 
been given, as in North Africa, where Upper Paleolithic cultures termed 
the “Capsian” and “Oranian” are notable for the abundance of tiny 
flakes termed “microliths,” wliich became widespread in tlie ne-vt cultural 
stage. 

Mesolithic. — It was once believed that from the typical Old Stone Age 
man advanced at once into the settled, essentially “civilized” Neolillnc 
stage. But in recent decades it has been increasingly realized that tlioro 
existed transitional cultures, now classed os the Mesolithic, or Middle 
Stone Age. The Old Stone Age, for Uic most pari, can be considered as 
having come to an end with the final stages of retreat of the glaciers, some- 
wliere on the order of 13,000 years before Christ; the Mcsolilliic con- 
tinued for a number of thousands of years beyond this time, terminating 
perhaps about 6000 b c. in southwestern iVsia (with an advance there to 
the Neolithic stage), but persisting a thousand years or two later in such 
outlying regions as Europe and continuing down to the present in a few 
areas. 

iMesolitluc man lived under climatic conditions which had cliangcd 
greatly from those known by his predecessors. In much of Europe, with 
the retreat of the ice, there ensued a stage of damp cHmalea w ilh thick 
forestation, and many of the animals which man once hunted had \ .in- 
islied from llie scene. Farther from llic erstw bile glacial regions there also 
appear to have been climatic shifts, and great regions of tlic Salwra and 
central .tVsia, earlier well watered, appear to have become progressively 
drier and less adapted for human life. 

Mcsolilliic man was still a wandering hunter and food-galhcror like his 
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predecessors He appears to have found the thick European forests almost 
impenetrable, so that a majority of our Mesolithic finds are from seashore 
camps or from sites well to the south, to which the forests had not spread 
Although the dog appears as a camp follower, there ^vere no other domes 
tic animals and no agriculture Because of the difficulties of hunting in the 
forests, shellfish became a \ ery important article of diet for European men 
of this age, and there are known many great shell 
mounds, the garbage dumjis ( kitchen middens” 
IS a more polite term) of ilesohthic men Many 
of the flints found m Mesolithic camp sites are 
microlitlis — small chips in triangular and other 
geometric shapes Tlie invention of tlie bow, with 
stone tipped arrows, appears to have taken place at 
about this stage, and other microhtlis appear to 
have been placed along the margins of sjiears or 
harpoons or in a row along a grooved stick to 
moke a cutting tool Fishhooks are known, and 
crude stone axes the canoe makes its appearance 
among shore dwellers In Europe, Azihan, Tarde- 
noisian, and Maglemosian are among the more 
familiar names given to cultures of this age AIcso 
lithic cultures of various sorts appear to have been 
widespread also m both Asia and Africa bridging 
the gap between the Old Stone Age and Neolithic 
tunes Although most groups m the Old \\orld 
have passed beyond this level. Mesolithic or ev en 
i'l j I ^***1'*'/*'**^ Upper Paleolitliic conditions persisted m such 

blade This cultural stage * , » , , 

IS characterized by finely outlymg regions as Australia, and It seems certain 
worked fl nts The desired that the early invaders of the Americas were m a 



form «as alta ned by the 
remo\ at by pressure flak ng 
of small ch ps over the en 


Mesolithic (or even late Paleolithic) cultural stage 
Neolithic — The initiation of the Neolithic marks 


tire surface (\fter Cole ) the greatest revolution that has occurred m human 


cultural evolution The age gams its name from 
the relatively ummjiortant fact that stone implements, although re 
tamed, w ere modified m type Somewhat more important w as the dev elop 
ment of pottery, which unproved facilities for food storage Fragments of 
pots made of baked clay are practically indestructible this has made 
them invaluable to the aicheologist in identify ing cultural groups through 


ceramic variations 
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Tile major developments of the Neolithic, however, were in two other 
fields: the development of agriculture and the domestication of animals. 
iMan thereby gained control over his food sources, could cease to be a 
wandering hunter, and could live in settled communities with all the im- 
plications for future social and economic advances that such a life implies. 
Among agricultural products, edible grasses, from which our modem 
grains have arisen, were prominent from the first. Of animals the pig, 
cow, sheep, and goat were early domesticated; the ass and, later, the 
horse were added as beasts of burden and transport. While there are many 
uncertainties, it appears that the wild progenitors of many of these plants 
and animals were present in a belt of country extending from Egypt east 
tlirough Mesopotamia to northwestern India. The valleys of the great 
rivers of this area — the Nile, the Tigris, the Euphrates, and the Indus — 
were major centers of early Neolithic life. The time of origin cannot be 
definitely set. One site in Mesopotamia is at least as old as 5000 n.c., and 
since most of the typical Neolithic features were even then present, the 
beginning of this cultural phase must go back another thousand years or 
so. Neolithic culture, with established villages of mud-walled or brick 
houses, was widespread in the Near East by 4000 n.c., and from that time 
on this new culture appears to have spread rapidly over vast areas of the 
Old ^Yorld. Europe was a bit backward, for it was not until later than 
3000 D.c. that agricultural villagers began to appear in numbers to re- 
place migratory hunters o\cr most of that continent. 

Introduction of metals.— Having exploited the animal and vegetable re- 
sources about him. Neolithic man was not slow to explore the possibilities 
of the mineral w'orld. Copper objects soon appear in Neolithic materials. 
This metal by itself is too weak to fonu good tools, but it was soon found 
that alloys with other metals gave a much harder product. Particularly 
useful was bronze, a copper-tin alloy, and by about 3000 n.c. a Bronze Age 
had begun in the Near East, w ith this metal supplanting stone in the more 
important tools and weapons. From lljis center bronze spread widely over 
Europe and Asia so that this metal was common in most of Eurojie by 
2000 B c. and liad extended east to China by about 1400 n.c. 

Later — again apparently in the Near East — man mastered the niellioiis 
of prejiaralion of a second, more diflicult but still more useful, metal — 
iron. Beginning about 1400 n.c., the use of iron spread rapidly, and willuii 
a relatively few centuries iron had supplanted bronze in great areiis of 
Eurasia and is today the dominant loohuaking material of the great ma- 
jority of Old World peoples. 
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In Africa, liowever, bronze did not penetrate far south, and non was in- 
troduced but slowly and to a limited degree In consequence, many peoples 
of that continent are still m an essentially Neolithic stage, and the same 
IS true of the more backward areas of Asia America was still less progres- 
sive, for the Indians had barely begun the use of copper at the time of dis- 
covery and w ere thus far behind the Old World 

HUMAN SYSTEMATICS 

Generic names given by their describers to early human remains, and 
used m the pages that follow, lead us at this point to a brief consideration 
of the classification of human types We have discussed m the oiiening 
chapter the general nature of animal systematics The term “species,” we 
have seen, is usually given without question to the whole of a large but 
interbreeding population of animals of any sort, even though there may 
be considerable minor variations within this population And genera are 
also usually conceived of broadly, so that, for example, most members of 
the cat tnbe, from lions and tigers to the domestic pussy-cat, are included 
by most (although not all) workers m the single genus Felts 

What about man’ Here many authors have tended to adopt a different 
policy Just as, we have seen, we tend to look into our own liuman pedigree 
more minutely than we do in the case of other phylogemes, so many 
writers have tended to split up human and near human Ijqies mtogenera 
and species with abandon, utilizing for purposes of definition differences 
which w ould be held of Utile account in other groups 

Modem man is the type form of the genus Homo Students of fossil types 
have tended to place such forms in distinct genera on such grounds as 
shape of the forehead, presence or absence of brow ridges, degree of de- 
velopment of a bony chin But these differences are certainly no greater 
than those used for merely specific distinctions in other cases In conse 
quence modern students with a broad view of the subject advocate placing 
all human remains m the single genus Homo We shall adopt this point of 
view here but will nevertheless use such “generic” terms as Pithecanthro- 
pus as conv ement handles for referring to various fossil liuman finds 
Wiat about species within the genus'* In general even though its mem- 
bers differ considerably from one another, a large population of similar ani- 
mals IS considered to form a single species if its members or “races” can 
breed freely with one another ^lodem man is by most considered as con- 
stituting a single species. Homo sapiens (even though the choice of a s])e- 
cific designation seems a bit conceited) A few anthropologists hav e ad- 
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vocated “splitting up" modem man into several species — black, white, 
and yellow, for example. But tliis is, when one looks the situation over, 
absurd. Any two modern human types cart interbreed and do quite com- 
monly interbreed. And altliough intermarriages between tri!)es or racial 
groups were surely less common in earlier days, one can readily belie\ e it 
occurred to some extent, at least, far back of liistoric times. ^lodern man 
is surely one species. 

What of the geologic past? Were ancient centers of population of archaic 
human types so isolated in remote stages of the Pleistocene that there 
existed, side by side, distinct human species in, say, eastern Asia, Europe, 
and Africa? Or was there, even then, some intermingling of blood betncen 
the various Old World areas, despite a presumed sparseness of the hu- 
man population? We do not know. And again, if v\e were to claim that a 
certain fossil human type is spedfically distinct from modern man but 
gave rise to him by gradual change, at what stage of his evolution shall we 
arbitrarily say that he has shifted from the one species to its successor? 
On the whole, the problem of human species is one that ne may well avoid 
for present purposes, although I shall use m the account which follows 
some of the specific names that have been given to human fossils. 

PRIMITIVE MAN 

For the late phases of the human evolutionary story, much of the evi- 
dence is derived from finds in Europe and the general Mediterranean re- 
gion. For the earlier parts of the stoiy, honever, the European data is, as 
yet, unsatisfactory. We have already seen, in the last chapter, that it is 
Africa w hich furnishes tlic major data as to forms structurally interme- 
diate betw’een apes and men. iVnd it is from the Middle Pleistocene de- 
posits of Asia that there have come Uie two famous and closely related 
types, Pilhecanlhropus and Smarithropus^ which furnish valuable knowl- 
edge regarding the mest ptiraiVivc \>5 definitely human stages of evnlntinn. 

The Java "ape man." — In the late eighties Dr. Eugene Dubois, of Uie 
Dutch army medical service, went to the East Indies vritli the announced 
intention of finding primitive man. Many have made sucli announce- 
ments; the surprising thing is that Dubois did actually find what he was 
looking for. Remains of extinct animals had been discovered in deposits 
of volcanic ash on the banks of the Solo River in eastern Java. DuIkijs set 
to work, in 1892, to excavate such a bone bed near the vilLigc of 'iVinil. 
Soon, among the mammal remains, he came upon a tooth of human ap- 
pearance. Close by was found a skullcap and later, and some distance 
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away, in the same excavation, a tiugh bone (femur) and two other teetJi. 
Dubois returned to Europe, gave a scientific description of the fragments, 
which he named Pithecanthropus erecius, the “erect ajje man,” and turned 
the remains over to a Dutch museum. With this, additions to our knowl- 
edge of this Java man ceased for three decades. A German scientific expe- 
dition made vast excavations at the Trinil site, found nmnerous animal 
bones, but failed to find tlie slightest furtJrer trace of Pithecanthropus. 
And, for some reason difficult to understand, even the original find itself 
was during all this time kept almost completely hidden frojn both the 
public and the scientists. 

The nature of the skullcap, as described by Dubois, was so unusual that 
much debate and discussion ensued. It was obviously far more primitive 
and apelike than anything previously regarded as human. The bones are 
exceedingly thick. There were heavy, apelike brow ridges above the eye 
sockets, and the vault of the skull was extremely low, indicating a brain 
far smaller than in modern man. But brow ridges are retained in some 
definitely human types (the later Ncandcrtlial type, for example), and 
the skull lacks the median longitudinal crest (sagittal crest) found in the 
larger apes. (The skullcap has a slight ridge in the center, but this is due 
to the manner in whicli the paired bones of the forcliead became fused, not 
to the attachment of heavy jaw muscles, as in the ape crest.) 

Nothing could be said, from the first remains, about the (ace and jaws, 
and the teeth were inconclusive (and in fact two may belong to a con- 
temporary orangutan). The femur was definitely human (a peculiar bony 
outgrowth near its upper end is due to a diseased condition frequent in 
man and not of particular interest). The position of the articular surfaces 
at the ends of the bone and the straightness of the shaft prove conclusively 
that its owner walked erect. However, since this bone was found some 
distance away from the skull, there is no definite proof that it came from 
the same individual, and some writers arc inclined to think that the femur 
belonged to some other form of man. 

In summing up this evidence, Dubois himself was at first inclined to 
consider that the creature was halfway between man and ape — the “mus- 
ing link” of popular terminology — a form wdlh many apelike features but 
walking erect in human fashion. From this point of view the scientific 
name is an appropriate one. As to its age, its discoverer believed it to be 
Pliocene and hence of remarkable antiquity. 

There were, liowevcr, various dissenting opiiuons. As to its geological 
position, it soon became apparent that it was ratiicr later than at first 
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appeared; that it ^\as Pleistocene, not Pliocene, and not even early Pleis- 
tocene at that. It conies from beds at about the middle of the Pleistocene — 
probably at about the time of Uie second glaciation farther north, a period 
thought to have been about 500,000 years ago according to some current 
estimates. As to its evolutionary status, a majority of students were in- 
clined to believe that, although unquestionably primitive, PiOiecarithropus 
was man rather than ape But, on the other hand, one authority claimed 
that it was nothing but a gigantic gibbon, for the contours of the gibbon 
skull are similar (although on a much smaller scale), and the gibbon, too, 
can walk erect. 

Recent decades have seen a great increase in our know ledge of Pilhecan- 
ihropus In 1953 the original remains were made available for study, and 
it was disclosed for the first time that the interior of the skull had been 
excavated, thus affording valuable data on the brain. Dubois further re- 
vealed that he liad other materials which were from the same beds (al- 
though from other localities) and hence may well have belonged to Pithe~ 
canihropiis These materials included four other femora and a partial lower 
jaw. 31ore recently, paleontological work in Java by von Koen/gswald has 
unearthed a number of new finds of this apeman. All are from the valley 
of the same Solo River, but from other localities, and most from Sangiran, 
farther upstream At this last place were found remains of three more 
skullcaps, one very well preserved, a loner jaw, and an upper jaw' which 
gives much information, previously lacking, concerning the face. One 
skull is o! a very large and massive type and so distinctive that its finder 
considered it as representing a new form From Modjokerto was obtained 
a child’s skull in somewhat older beds; Ibis was at first thought to be of a 
different type but is now recognized to be a young Pithecanthropus, 

If w e check over this list of material now available, it is seen that we 
know little except the skull and jaws. These, however, are fairly ade- 
quately represented, and from these structures the expert can extract 
much valuable data as to the nature and relationships of Java man. 

The mouth region is protruding because of the large size of the teeth, 
much as m the South African man-apes but to a lesser degree, iVs has been 
said, the braincase was extremely low and the brow ridges enormous. It is, 
further, rather narrow compared to its length, a feature common to most 
early human forms. The breadth-length ratio is one universally used in 
the study of human skulls Those in which the breadth is less than 75 per 
cent of the length are termed doh'cfaocephalic — ^long-headed; if the per- 
centage is above 80, brachycephalic, or round-headed ; intermediate figures 
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indicate a iiiesoccphalic condition. The av’crage indc’c of tlie three skull- 
caps measured is 75. 

From the contours of the interior of the braincase there can be made an 
endocranial cast. This mirrors the folds of the tissues wra|>ping the brain 
and hence gives valuable clues as to brain shape and size. A study of such 
a cast of the type skull shows that Uie brain cavity had a capacity of about 
940 cubic centimeters; in the case of the other good skullcap, the estimate 
is lower, 835 cubic centimeters. The endocranial capacity of a modern 
male European is about 1,500 cubic centimeters; that of .some primitive 
existing races averages about 1,200; few great ape brains exceed COO. 
Pithecanthropus, from these figures, was thus about midway between the 
great apes and living men in the size of his brain. These figures of brain 
size are rather smaller than is the case in any otlier group of fossil men. 
However, early human types tend to show' a considerable difference l>c- 
tw een sexes in brain capacity, the female being the smaller, and a study of 
the materials suggests that the two good skullcaps belonged to early Javan 
ladies. In brain, Pithecanthropus may be rather on the human side of the 
apeman "divide.” That this is the case is shown by tlie brain contours 
seen in the cast. These indicate an arrangement of the “gray matter” in 
an essentially human rather than a simian pattern. The development of 
areas related to speech and its reception suggests llint Pithecanthropus 
might have had at least the rudiments of language. 

The upper-jaw specimen shows that Pithecanthropus, like certain other 
related tyjies, differed markedly from modern man in a more i)rojccling 
and broader face, with a large and probably flattened nose. The teeth are 
rather large and show' some apelike features of the molar pattern but, on 
the whole, are human rather than apelike. The “wisdom tooth,” small in 
many later fossil and living men, is not yet reduced. In apes a gap exists 
in the upper tooth row’ into which fils the projecting canine of the lower 
jaw. In the only upper-jaw specimen of Pithecanthropus this ga]> is present. 
Apparently this is a male; the female presumably had a smaller and more 
normal liusnan canine, and this simian feature lias not been reported in 
any other human type. 

If the evidence now at hand concerning Pithecanthropus be summed u]>, 
it is clear that this apeman w’as a man and not an ape. Nevertheless, he 
was a man of a very low and seemingly primitive sort and had retained 
many archaic fc.'itures .absent or reducctl in most other known fossil men. 
lYe may postpone further discussion of his position in human evolution 
until wo Inave examined the closely related Smanthropus. 
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Peking man — In the early 1920’saSnedish scientific mission in China in- 
vestigated a senes of caves m the limestone Jiihs nearChoukoulien, some 
thirty seven miles soutlnvest of Peking, China These contained an enor- 
mous mass of deposits which included bones of a variety of animals, many 
of which are extinct This fauna is now known to indicate definitely a 
Middle Pleistocene age for the associated materials — probably the second 
interglacial stage 

Included m the finds were two teeth which were either simian or limnan 
and attracted the interest of Dr Davidson Black, anatomist at the medi- 
cal school m Peking Study of a third tooth, found in 1927, convinced liim 
that it was human but of a primitive sort On this slender basis he cstab 
lished a new genus and species of man, Sinanlhropus pehtngensis, and 
undertook further investigation of the site 

His seemingly rash conclusions were, happily, verified In 1929 a well 
preserved skullcap of a very primitive sort was unearthed Adequate funds 
were procured for extensive excavations, and, m the course of a decade, 
under Dr Black and, after his untimely death, Dr Franz Weidenreich, 
there came to light a whole senes of remains belonging to about three 
dozen individuals including both sexes and both young and adults There 
was little postcranial material, although there w ere specimens of humerus 
and femur and a few other fragments, and hence we have very little idea 
of the general bodily build No skull was complete, but between the van- 
ous specimens nearly the entire cranial structure is knowm 

The bramcase is quite simdar in its proportions to that of Pithecanthro 
pjis, with large continuous supraorbital ridges and a very low retreating 
forehead The skull is long and narrow posteriorly, the bones much thick 
ened The face, too, is quite similar to that of Pithecanthropus, and the 
jaws show a similar chmiess, primitive, and yet essentially human struc- 
ture The brain size is, however, rather greater than in the Java man, for 
the endocranial capacities reported are 915, 1,050, 1,100, and 1,200 cubic 
centimeters 

Several points of interest can be deduced regarding the life of Peking 
man He was already a tool user, for a number of implements have been 
found m the cave These are of the crude chopper and flake types, wluch 
we have noted earlier to be characteristic of the Lower Paleolithic period 
in eastern Asia He was, further, a fire user, for a number of hearths were 
found 

Still another characteristic — not so pleasant — is suggested by the nature 
of the fossil finds themselves The r^nams consisted, we have noted, al- 





Pek ng man The remams of Ih s early and prun ti>e man ha\e been obtained from Choukout en near 
Peking where former caves n a I mestone h 11 ha\e been fitted with hard materials conta n ng remams of 
man and many other Pleistocene mammals Left part of the \ast excavations that have bc'^n made tl ere 
m the search for this foss Iman Thewhitelmes mark off numbered sect onsof the quarry so that finds can 
be accurately located Above right s a v ew of one of the skullcaps seen from above (compare w th 
Piihecantkropue) Below th s are s de and front views of a skull reconstructed from numerous specimens 
(All jSinanlAropua photographs by Dr Franz e denre ch Cenozo c Research Laboratory Pekmg cour 
tesy American "Museum of Natural History New York ) 
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most entirely of skulls. These were not burials, as far as can be determined 
from the conditions under which they were found, and in every instance 
tlie braincase had been broken open from below. It seems highly probable 
that the brains, and probably the missing bodies, were used as food. By 
whom? There are no traces there of any other creature capable of doing 
this except Peking man himself. He may thus be reasonably accused of 
cannibalism. 

The story of the Sinanthropus finds had a sad ending. The materials 
were assembled and studied in a laboratory in Peking. At the outbreak of 
World War II, in 1939, it was decided to take the specimens to the coast 
and place them, for safekeeping, on an American warship. En route to the 
coast, the train carrying them was seized by Japanese troops, and the fate 
of the fossils is unknown to this day. Were they, in ignorance of their scien* 
tific value, thrown into a train-side ditch? Or were tliey, like many fossil 
bones in China, ground to powder and used as medicine? We may never 
know. 

Relationships of Pithecanthropus and Sinanthropus. — When tlie first 
braincase of Peking man was discovered, it seemed fairly sure that this 
type and Pithecanthropus were related, and this impression has grown con- 
tinually stronger as more material of both forms has become available. 
The major workers on both forms have agreed that tlie tw o are exceedingly 
close to each other and represent little more than racial variants of a single 
human type. There are a few differences. The figures on brain capacities 
run higher for Sinanthropus than for PUhecanihropus, but this may be due 
to sexual variation; the Javan skulls measured appear to be those of fe- 
males, while a larger proportion of the Peking skulls may be those of males. 
In PUhecanihropus the supraorbital ridges are rather more prominent, and 
Sinanthropus appears to lack the gap in the tooth row for the canine, noted 
in the male PUhecanihropus. The skull bones are somewhat thinner, the 
teeth somewhat smaller, and hence the mouth less protruding. But most 
differences are of a minor nature. The two are so close lliat they certainly 
belong to the same genus and quite probably are only variants of a single 
species. We shall in later sections of this chapter use the term Pilhecan- 
thropus to refer to both of these eastern apemen. 

That these early Asiatic finds belong to a very primitive human type is 
obvious. We no longer believe, as Dubois did originally, that llic Java 
apeman is halfway between ape and man. He is definitely on tlic human 
side of the boundary; hut wc are certainty dealing with a lower t}pc than 
any oUicr adequately known human fossil. Wc can say with confidence 
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that Pithecanihropns represents a structural stage tlirough which the an- 
cestors of later men may well have passed on their way upward from the 
ape. 

In contrast to the simple and seemingly clear-cut story of earliest man 
in eastern Asia is the situation regarding men of the early and middle 
Pleistocene in other regions of the world. There are no hnds of Jihe antiq- 
uity in central or western Asia nor in most parts of Africa, although some 
skull fragments from Tanganyika have been thought to be of this type. 
Nor are we much better off when we come to consider Europe and the 
Mediterranean region, althougli these regions have been much better 
explored for fossil material than any other part of the Old World. We have 
abundant specimens from Europe and Africa of Lower Paleolithic cultures. 
Man was surely present and reasonably abundant here at the time; but of 
the makers of these flint tools we have only a few specimens of louver jaws. 

The Heidelberg jaw. — NearlheliltlevillageofMauer, not far from Hei- 
delberg, is a large sand deposit formed in an old o\bow of the Neckar River 
at a rather early stage of the Pleistocene — possibly the first interglacial 
stage. This has been intensively worked for commercial purposes and was 
found to contain numerous animal bones, including, for example, ancient 
elephants, rhinoceroses, and lions In consequence, a careful watcli has 
been kept on the pit for decades. In ail this time only one human bone has 
been found, but this one is a specimen of great interest, the so-called Hei- 
delberg jaw, excavated in 1907 at a point about 80 feet below the surface. 
The most striking impression given by this specimen is its large size and 
heavy build. There is no chin prominence, and hence at first sight the jaw 
appears somewhat apelike; but the teeth and dental arch are definitely 
human, and the tooth row itself is no larger than in some modern types— 
this in contrast with the Asiatic forms just discussed. The canine does not 
project at all above the other teeth, and the wear on the molars shows 
that the chewing motion was of a human rather than apelike sort. An 
unusual feature is the great width of the ascending ramus (the upjier jiart 
of the jaw behind the tooth row) and the shallowness of the notch at its 
top 

The essentially human character of this ancient type finds expression 
in the fact that even those “splitters” who tend to separate human types 
into distinct genera and species commonly assign this jaw to our own genus 
(although to a different species) as Homo keidelbergensis. No implements 
have been found in the deposit, but the date and locality of the find sug- 
gest that this man may have been associated wdth the rather crude flake 




A sketch map of western and southern Europe (o show some of the locahties of human fosstl anti 
cultural finds 


raerous animal remains and flints of a primitive Lower Paleolithic type, 
dating the deposit as from the beginning of the Middle Pleistocene times, 
but it was not until 1952 that the French paleontologist Aranibourg dis- 
co\ered here two human lower jaws, one nearly complete, and later a 
third jaw and a skull fragment. Further work in Batbary soon after yielded 
a fragment of another and almost identical jaw' of somewhat later date 
near Casablanca, Morocco. iVs in the case of the Heidelberg specimen we 
are dealing with a type lliat certainly is pnmiti\e; but, in contrast with 
that tj pe, the Terniflne jaw s arc clearly and closely comparable to those of 
the Asiatic apemcn. Quite possibly tt good skull, w hen found, might — and 
very probably would — show some minor differences from Sitianthropua or 
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Pithecanthropus But we can now reasonably assume that in Middle Pleis- 
tocene days a single general primitive human type was spread broadly 
over the Old World Cultural differences existed between one area and 
another and presumably between one race and another, just as differences 
exist today, and also as today, there were surely racial differences, some 
of which we have seen m comparing Sinanthropus and Pithecanthropus and 
m comparing the Heidelberg jaw with either But it is logical, as far as 
our evidence goes, that mankind was then a single species, well advanced 
over the australopithecme level but very far below modern standards in 
skull and jaws, in brain development, and in habits and culture 

The Piltdown hoax — We cannot refrain here from discussing the famous 
(or rather notorious) Piltdown finds which long perplexed the scientific 
world In 1912 an amateur archeologist, William Dawson, turned over to 
the distinguished paleontologist Sir Arthur Smith Woodward fragments 
constituting most of a human braincase which he said had been found m 
gravels near the manor of Piltdown in Sussex, England This gravel de- 
posit IS one of considerable antiquity, not improbably dating from the 
first interglacial stage A number of fossil mammal fragments were report- 
ed from the gravels Some appeared to be as old as the Pliocene, but their 
presence here, it was suggested, was due to redeposition In addition, there 
were a few flints of archaic type and a crude tool fashioned from an ele- 
phant limb bone 

Although the skull was mcoraplele and fragmentary, a reasonable re- 
construction could be made Except that the bones are a bit thick, the 
skull is essentially modern in build, lacking the strong, bony, brow ridges 
expected in early human types, and with a high forehead This was sur 
prising for a specimen of such early date What sort of a jaw would the 
Piltdown man have had? The answer was soon forthcoming Further 
digging was done, under Dawson’s supervision, m the gravels, and a large 
part of a jaw was unearthed, as was a large canine tooth and nasal bones 
The jaw proved even more of a surprise than the skull For it was more 
primitive than even those of the archaic men of Java and China and, m 
fact, was identical m structure with that of such a great ape as the orang’ 
The Piltdown man, very modern m his skull, very primitive in jaw pattern, 
did not fit at all m the picture of gradual simultaneous evolution of both 
structures suggested by the Java and Chinese finds, and one school of 
thought advocated the idea that skull and jaw did not really belong to 
gether, that while the skull was human, the jaw was that of an ape But 
fossil Pleistocene apes are otherwise unknown in England, skull and jaw 



The PjJtdown boox. Probably the greatest 
hoax ev er perpetrated on a group of scientists 
was tliat concerned with “Piltdown man ’* 
About 50 years ago Dawson, an amateur 
arclieologist and paleontologist, reported to 
Sir Arthur Smith Woodward, a distinguished 
English paleontologist, the finding of part of 
a fossil human skull in very old Pleistocene 
gravels near Piltdown Alanor, Sussex Fur- 
ther exca>ation of the gravels (under Daw- 
son’s direction 0 brought forth a very apelike 
jaw and canine tooth vif ihf right are shown 
Danson (with the bald head). Smith ^^ood- 
n ard, and a laborer, digging and sifting grav- 
els in the Piltdown lane, next beloio, the skult 
fragments, jaw, canine tooth, and a fimt im- 
plement found there as nell The human 
skull and ape jaw formed an incredible com- 
bination despite attempts (as in the bottom 
figures) to restore the skull and facial appear- 
ance of this supposed ancient man Iltodem 
methods plus careful study of the matenals 
have recently proved tliat the jan is that of a 
modern ape and that this and other finds 
were "plaDtcd” m the gravels by someone 
with the deliberate intent of deceiving the 
scientific world (Photographs courtesy 
American Museum of Natural Htstoiy ) 
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Neanderthal man This mbabiUat of Europe in the earlier part of the last glaciation u known from nu 
merous skulls and considerable parts of the skeleton so that attempts at complete bodily restoration (as m 
the scene upper left) are warranted The mo>t adequately knonn specimen is the skeleton of an old man 
fromtheca\e of LaChapelleauzSa nts descrbedbyAlarcellinBoule Tbis skull is pictured above (/tglt) 
Louerleft the same skull with teeth and other nussmg parts restored by Dr J H McGregor Lower ngJt 
the skull of a female from Gibraltar the contours are more rounded brow ndges less exaggerated etc 
(Restoration at upper left by F L Jaques under the direction of W R Gregory photograph courtesy 
American Museum of Natural History New^ork La Chapelle skull unrestored from Boule lowcrfigures 
courtesy Dr J H McGregor ) 
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appeared to have been found close together; and as further evidence for 
association of the two was the report by Dawson that he had found in a 
neighboring locality a scrap of a second skull similar to the first, together 
with teeth like those in the original jaw. 

There the matter rested, a seemii^Iy insoluble enigma, for several dec- 
ades. No one doubled the authenticity of the finds; and whether or not skull 
and jaw were associated, Piltdown man presented an ever present head- 
ache to one attempting to work out a reasonable scheme of human evolu- 
tion. 

A. few years ago an Oxford anatomist, while making a detailed study of 
the jaw, noticed that the wear on its molar teeth looked unnatural, as if 
made by some abrasive instrument rather than by normal chewing ac- 
tion. Following up this clue, the whole set of Piltdown material was gone 
over carefully by a series of competent scientists; and in 1054 the an- 
nouncement was made that “Piltdown man" was a gigantic fraud ! The 
skull pieces may be of some antiquity, but have been “doctored." The 
jaw is that of a modern ape, willi diagnostic regions broken off, the teeth 
filed to obscure the pattern, and the bone stained to give it an antique 
appearance. Even the other fossil teeth and bones liad been “planted" 
and hail from a variety of other places — two from as far away as Malta 
and Tunisia. 

Who perpetrated the hoax, and why it was done, cannot be said posi- 
tively, altljough suspicion points strongly to Dawson (who died a few years 
after the “discoveries" were made). Scientists may differ widely (and 
often violently) as to the conclusions to be drawn from their w’ork, but 
the basic principle of tlie scientist’s code is absolute honesty in presenta- 
tion of their facts. And because of their own high standards of truUi, the 
scientist is liable to be taken in when he comes in contact witli an amateur 
lacking the same code of ethics. 

LARGE-BRAINED MEN; THE NEANDERTHAL PHASE 

To evolve modern man from the primitive apemen of early Paleolithic 
limes requires considerable progress and refinement in the structure of 
skull and jaws and, one may sus]>ect, other parts of the skeleton. Most 
especially, however, there has to occur a major increase in intelligence and 
cultural potentialities, ilen with large brains were present by ^liddle 
Paleolithic limes, probably a good quarter of a million years ago and per- 
haps even earlier. But historically our study of early large-brained men 
has been given a peculiar twist by the fact Uiat in Europe the common 
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inhabitant in the Middle Paleolithic and the maker there of the charac- 
teristic Mousterian stone industries was a very specialized form, Neander- 
thal man. 

This race, usually called Homo neandertkalensis, was the first fossil hu- 
man type to be discovered and recognized and is still the best known of 
early races. The first specimen to gain wide attention and from which the 



The skeletoa of Neanderthal man 
(Alter Houle and Weinert ) 


race takes its name was found in a cave 
deposit in the Neander Valley near the 
Ruhr district in western Germany in 1850. 
Although a complete skeleton may have 
been present originally, little was preserved 
except the skullcap. This immediately ex- 
cited interest because of the low forehead 
and prominent brow' ridges, but, in the 
absence of anything else comparable, its 
status was debated. Most rightly recognized 
it as a primitive human type, but others 
claimed that it was merely a congenital 
idiot of our own species or (according to 
one eminent scientist who appears to have 
been a Russophobe) the remains of a Rus- 
sian soldier killed in the Napoleonic wars! 

Neanderthal distribution. — Later, other 
and more complete remains of this type of 
man were found in many localities. Nu- 
merous finds liave been made in western 
Europe, particularly in France. To the 
southwest, two skulls of this species have 
been found at Gibraltar, The Neander- 
thal type was long unreported from Italy, 
but in tlie 1930’s three characteristic skulls 


w’ere found in the general Rome district. Farther east the rock shel- 
ter of Krapma in Croatia has yielded skeletal remains of a considerable 
number of Neanderthal individuals (there are suggestions of cannibalism 
at this locality). To the southeast recent discoveries have shown. Nean- 
derthal man (including remarkable variants from the general type) to 
have inhabited Palestine and Mesopotamia. Farther to the northeast this 
race was present in the Crimea and northern Iran, and a Neanderthal 
child’s skull has been discovered in a cave in western Turkestan once oc- 
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copied by a group of Mousterian goat hunters. Neanderthal men ranged 
widely over northern Africa, at least, for specimens are known from 
Morocco, Libya, and Ethiopia. 

Neanderthal man thus occupied a considerable territory. As yet, how- 
ever, he is not known from any part of Africa except its northern coast, 
nor from central or eastern Asia. His absence may, of course, be only ap- 
parent, and new finds may presently extend this range. ^Ye have noted, 
however, that he is, where known, associated with Mousterian culture. 
The Mousterian appears to be absent in much of Asia and Africa, although 
other equivalent Middle Paleolithic cultures may be present. We have no 
strong reason to believe that the other cultures were made by Neanderthal 
man, and it may well be that known finds do actually outline the territory 
he occupied. 

Typical Neanderthal structure. — Most of tlie specimens of this race con- 
form closely to a single type, best described in a classic monograph by 
the French paleontologist, Marcellin Boule, based on a well-preserved 
skeleton from the rock shelter of La-Chapelle-aux-Saints in southern 
France. The data gained from this specimen can be confirmed from many 
otliers, for there are a number of intact skulls and skeletons. This state- 
ment, by the way, reveals a significant point as to the mores of Neander- 
thal man. We tend to think of him as a rather brutal creature; but there is 
here evidence that, at any rate, he differed from his predecessors in not 
being a cannibal, and in at least one case there is evidence of a ceremonial 
burial of the dead. At first glance one is impressed by the somewhat ape- 
like appearance of the skull. The head is massive, with heavy supraorbital 
ridges, a receding forehead, and a low vault to the braincase. This, how- 
ev'er, does not indicate that the brain was small, for the braincasc juts out 
strongly posteriorly, with a marked projection which contrasts shari)ly 
with Uie rounded contours of modern roan in this region. Tlie brain, thus, 
is large, with an average capacity in typical males of about 1,550 cubic 
centimeters, a figure as large, or larger, than Uiat found in the Iiigheat of 
living races. Sexual differences are marked, for females average about 200 
cubic centimeters less. Although this brain is of modern size, its propor- 
tions arc, as would be expected, quite different from that of Homo sapiens. 
The frontal region of the brain hemispheres, which is thought to be im- 
portant in the development of the highest mental faculties, is rclativ'cly 
small. 

Details of the car region and the heavy arch at the side of the skull are 
also quite different from those of ncanthropic man. The face is very long 
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and large in proportion to the braincase, the jaws proj'ecting, the eye sock- 
ets large and rounded in form, the nose opening broad. The cheek bones 
of modern man have a characteristic hollow (fossa) excavated above the 
canine teeth; this is lacking in the Neanderthal type. The size of the face 
is related to the fact that the teeth are in general large and powerful, the 
dental arch being much larger than in typical modern men. The patterns 
of the molar teeth retain some apelike features, but the dentition is on the 
whole essentially human in character, and there is none of the ape pro- 
j'ection of the canines. The j*aw, as one would expect, is also massively built 
but essentially human. There is, however, no chin projection in typical 
members of this group, the front edge of the jaw falling away vertically 
below the anterior teeth. 

In contrast with other primitive types of man, the skeleton of Neander- 
thal man is nearly completely known. This was a race of short stature; the 
average height of males seems to have been about five feet, four inches; 
the females may have been about sue inches shorter. Although short, the 
body was powerfully built, the chest barrel-shaped. The forearm and 
lower leg were proportionately much shorter tlian in modern man. The 
carnage is thought by some authors to have been somewhat stooped, the 
head inclined somewhat forward on the short neck, the knees habitually 
slightly bent The ankle j'oints indicate that the squatting pose was fre- 
quently assumed. 

Early Neanderthalers. — Tliese typical Neandertlial men are known 
mainly from deposits laid down in the earlier part of the Wurm glaciation. 
A few specimens are considerably earlier — from the preceding Riss-Wilrm 
interglacial. Some of these appear to be typical members of the group, but 
others appear to depart from the general structural pattern in various fea- 
tures. The specimens from Italy are found with a fauna characteristic of 
a warm climate and hence may come from this interglacial stage. The 
Krapina finds mentioned above may also be of this age. Although the 
Xrapina remains are fragmenlaiy, they appear to represent a subrace 
characterized by a more slender build and smaller brains than the typical 
Neanderthal man Specimens from the Ilm River Valley near Weimar in 
Germany include two typical jaws and a skull which appears to have a 
little higher vault to the braincase than is generally true of this race. 

A still earlier Neanderthaloid specimen is that found at Steinlieim, Ger- 
many, which may date from the time of the third glaciation This, a fe- 
male skull, has a brain capacity of only 1,100 cubic centimeters, a remark- 
ably low figure even for a female and well down toward the Ptthecanthro- 
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pus level. On the other hand, the face has less of a snoutlike apj)earance 
than most later Neanderthals, and the back of the braincase has more 
rounded, “neanthropic” (i.e. modernized) contours than is usually tlie 
case. 

The Mount Carmel race. — In Palestine, following the finding of a Ne- 
anderthal skull near Galilee, excavations made during 1020-35 in caves on 
Mount Carmel revealed a series of twelve or more skeletons of people who 
dwelt there in Upper Pleistocene times — probably third interglacial — and 
are associated with a typical Middle Paleolithic culture of flints of Mous- 
terian and Levallois types. These remains have been carefully studied by 
McCown, one of their discoverers, and Sir Arthur Keith and show a most 
interesting series of variations in structure. Their describcrs agree that 
all are to be classed with the Neanderthal group. But while a few individu- 
als, including a woman from a cave called Mugharet ct-Tabun, are typical 
members of that group, tlie others, mostly from a second cave, Muglmrct 
es-Skliul, show to a variable degree numerous neanthropic features which 
are suggestive of Homo sapiens rather than //. neandcrihaUnsis. Typical 
Neanderthalers are short, at Mount Carmel the men tend to be tall, for 
they have heights of 5 feet 7 inches to 5 feet 10 inches, and oven the fe- 
males are of moderate height. The face is not as large as in Neanderthals; 
the skull vault is not as flattened; the supraorbital ridges, while fairly 
prominent, are not as continuous; and the forehead is moderately full 
rather than receding. In Neanderthal man, we have noted, the occiput 
projects backward with a rather vertically compressed shape; here the 
contours tend to be more rounded, halfway toward modern conditions. 
The face is not as long as in typical Neanderthals, and there is little of the 
prognathism, the forward projection of the front teeth, seen in tliat form. 
In Neanderthal man the eye sockets arc \ery large and round; here they 
are wide but not high. The nasal opening, primiti\ cly broad, is rather \ ari- 
able in these finds but sometimes approaches the narrower tyiic of modem 
man. The teeth, rather large in lyjiical Neanderthal men, are variable in 
size, allliough the pattern of the molars remains primitive. In the jaw tJie 
angular region at the lower back corner is rather more deveJojJcd iJian in 
the ordinarj' members of this race, while an obvious and sinking feature 
is the fact Uial there tends to be more or less of a projecting chin as in 
modern man. In the poslcranial skeleton the posture is rather closer to 
that of modern man than that of the typical Neanderthal, the distal seg- 
ments of the legs arc long rather than short, and the structure of the back- 
bone is intermediate between Neanderthal and modern types. 7Tic bniin 
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capacity of tJie typical Neanderthal noman of Tabun is 1,271 cubic centi 
meters, of the women of the Skhul group, 1,300 and 1,350 cubic centime 
ters, of the men, 1,518-87 cubic centimeters ^Yhlle these figures are such 
as might be found in either Neanderthal individuals or large brained 
modern men, the brain shape, including a better development of the 
frontal region, is closer to the modem tyj>e 

We have, thus, at ilount Carmel a group of people who exhibit, to a 
V ariable degree, a mixture of features charactenstic of Neanderthal man 
and of Homo sapiens, particularly of the general Cro "Magnon type which 
was soon to appear in Europe In summarizing the evidence, JlcCown and 
Keith pointed out that of twenty five important features which they list, 
the Mount Carmel individuals are Neanderthaloid m but three, interme- 
diate in fourteen modern in eight In a long senes of features of lesser ini 
portance the figures again favor modern man by a “vote” of 46 to 16 
They point out however, that too much reliance should not be based on 
mere statistics and that in really basic body pattern Mount Carmel man 
IS still fundamentally a Neanderthal type, althougli with many nean 
thropic features 

Neanderthol relotionships — Before discussing the possible implications 
of these recent Palestinian finds, let us consider the general evolutionary 
position of the Neanderthal race as found m the European region As to 
its origin, there is general agreement that Neanderthal man is a descendant 
of the apemen of the general Pithecanthropus type But is he an imme 
diate direct descendant’ Neanderthal man and modern man both have 
large brains Did they evolve this character independently, or did they 
have a common ancestor with a large brain above the Pithecanthropus 
level’ In Europe, Neanderthal man disappears, apparently rather sud 
denly tow ard the end of the Pleistocene and is succeeded by Cro Magnon 
and related forms of our own species AMiat were the relationships between 
these successive groups’ 

A number of alternative answers to these questions are possible and 
have been advocated As to the relations of the typical Neandertlial man 
in Europe to his ‘modernized’ successor, some have maintained that 
typical modern man evolved rapidly m Europe from his Neanderthal 
predecessor there To support this it is pointed out that vanous Upper 
Paleolithic European specimens (Predmost, etc ) show certain features 
suggestive of the Neanderthal type, such as rather massively built skulls 
and brow ndges more pronounced than is usual in Homo sapiens But this 
appears none too probable It seems clear that the seeming Neanderthaloid 
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features of these Upper Paleolithic men are but minor elements m their 
makeup, these individuals are very definitely neanthrojnc men i\ho have 
a few archaic features, there is no European transitional type It seems 
more likely, that as a majority of workers would advocate today, the Euro 
pean Neanderthal was harried and wiped out (with perhaps a bit of inter- 
breeding m the process) by invadmg men of modern type — men who had 
evolved outside the region occupied by Neanderthal man and his tj pical 
Mousterian culture 

But does tins mean that Neanderthal man and modern man both trace 
back separately to the archaic apemen of the Pithecanthropus tyjie? Not 
at all necessarily Quite possibly there existed at an earlier time a man of 
large brain size, with a rather primitive build of skull but lacking the ex- 
treme specialization of the typical Neanderthal man Prom such a form 
might have come, in one line, the later and more specialized Neanderthal 
men of Europe, with their Battened skull shape and other exaggerated 
features, and on the other hand, man of modern type with emphasis on 
such progressive features os a high skull vault and developed chin 

That tins hypothesis is the true one cannot be definitely proved in the 
present state of knowledge, but there is an ever growing body of facts to 
support it We have noted above that the older specimens assigned to 
the Neanderthal group are less specialized and have more highly viultcd 
skulls than do later members of the race, suggesting an approach to the 
common ancestral type 

The Mount Carmel skeletons can be interpreted as also favoring this 
hypothesis As we have said, they show a “mixture’* of Neanderthal and 
neanthropic characters Possibly, as some have suggested, that maj be 
due to interbreeding of two races However, the dcscnbers of the material 
favor an interpretation lU harmony with the thesis presented here Ihej 
suggest that after Neanderthal man had entered Europe, the unknown 
Asiatic or African large brained stock from w Inch he came progressed 
onward toward a neanthropic condition Tlie Mount Carmelites arc ex- 
amples of these transitional forms whicli had wandered from their un 
known homeland into Palestine Later, when the evolution to tlie modern 
t>pe had been completed, the end products of this senes migralcil, tJiey 
believe, into Europe as definitive Upper Paleolithic members of Homo 
sapiens 

Early evidences of large-brained men — The evidence thus suggests 
tint Neanderthal man is mcrclj one side line of a stock of men w ith primi- 
tive features but large brains, and that neanthropic man is the end prod 
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uct of another line developing from this stock parallel to him and finally 
becoming dominant Further evidence to the same effect is presented by 
a number of other finds not considered as Neanderthal ivhich exhibit large 
brains or other neanthropic features but are definitely or probably of con- 
siderable antiquity And some are very ancient indeed 

The Swanscombe fragment.— The occipital bone of a human skull, per- 
fectly preserved, was found m 1936 m one of the terraces of the lower 
Thames Valley at Swanscombe (Kent) The following year renewed search 
brought to light an equally well preserved parietal Nothing further has 
been found of this individual The 100 foot terrace deposit m which it was 
found was formed during the great interglacial stage of the Middle Pleis- 
tocene, and m the undisturbed layer with the human remains were typical 
Acheulean implements 

But while we ha\e here a very ancient European, our knowledge of him 
IS distressingly limited The occipital is a bone which includes the postenor 
part of the bramcase, the parietal covers much of the roof We have tlien 
considerable data as to the back part of the skull The bones are rather 
thick but m other respects are modern m type, witli rounded contours 
contrasting strongly with those seen m paleoanthropic forms Wc have 
even sufficient data to make a reasonable estimate of the brain capacity 
(about 1,350 cubic centimeters) He was thus a large brained early man 
and lacking the peculiar Neanderthal skull contours m the occiput Thus 
as far as tlie evidence goes, he may represent the common ancestor w e are 
seeking It is only too regrettable that we have no further knowledge 
of him 

Reinforcing the evidence of the Swanscombe specimens is a recent find 
of two fragmentary skulls from Fontechevade (Charente), France The 
time of burial appears to have been the third interglacial interval, a pre 
Mousterian culture accompanied the remains, and over them is a Nean- 
derthal layer One specimen is a skullcap much like that of a modem man, 
with evidence of a vertical rather than a slopmg forehead The second con 
sists only of a forehead — again vertical and with no more signs of brow 
ridges than m the most “advanced” of living types We are, of course, in 
the dark as regards the rest of the skull, jaws, and skeleton, but here is a 
concrete piece of evidence showing that at least a modern type of fore 
head had evolved long before modem man became common 

A number of other finds from various areas of Europe, and from Africa 
as well, have been reported from time to time which have tended to con 
firm this thesis that men with large brains, but not Neanderthalers, and 




Eoily non from North Africa Importaiit recont Snds hace been made „„e of 

m the tall deposit of Pal.kao (Temdirte) ‘n the Omn "S'"” J 

ahich H shown m the two fignres above, and a f “« fmmtt^two sp^^^ 
below, these are the only finds, west of Java and China, wbwh are as old as Low er 1 alco 




oisagaSif 




m 


riSf^ 






The Swanscombe ikull fragment (o6o«) is a humao fossil, de6mtely roof, and the 

of the Lower Paleolithic It includes only the large panetal bone, «»' ® ^ j j The rounded 

occipital boncfonning the back of theskuU -n-- 

skull contours are more similar to tliose found in our °* P j. j j rod indicate 

AchculeandeposiU.mwhichthespecimenwa3nK»vercd whilespolsaboietheleielo 

the exact laj er (Photographs from OaUey and Morant ) 


The Heidelberg law Tins mas 
sue specimen was found deep m a 
commercial sand pit at Slauer 
near Heidelberg Despite close 
watch for half a century, no fur 
iher human remains ha%e been 
found m this deposit, whidi was 
certainly formed well back la the 
Pleistocene and possibly during 
the first interglacial stage (jVfter 
Sctioclcnsack ) 
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Neand«rihai variants >Va le typical Neanderthal remains are 
those from Europe during the Urm glac ation other speci 
mens are found which are earlier m time or from western Asia 
rather than Europe these may vary considerably from the 
typical Neanderthal structure Upper I ft a skull from Mount 
C rceo on the Ital an coast near the Fontine marshes wh ch is 
from Uie lost interglacial stage but u structurally similar to 
later finds Next below two views of another skull from the 
last interglacial (fromStemheim insouthemGermany) which 
IS less typically ncanderthaloid in its skull contours and closer 
to modem man Of great mterest are the finds from Mount 
Carmel in Palestme which show many structural intergrades 
between Neanderthal man and our own species One of the 
Mount Carmel skulls is shown below Below left one of the 
Mount Carmel skeletons in process of excavation Below right 
the bluff containmg the Mount Carmel caves (Amount Circeo 
skull after a photograph by Dr V C Blanc of Fisa its dis> 
coverer Steinheim skull from einert Mount Carmel skull 
fromMcCown and b.eilh Mount Carmel scenes fromBu/hrt n 
Amertean School of Prekutorw Betearck courtesy Dr G G 
hlacCurdy ) 
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With vaulted skulls were in existence in Middle Pleistocene days. On the 
whole, however, no great weight has been placed on such reports by most 
authorities, because the skeletal remains concerned have been cither frag- 
mentary or of dubious age or both. Of these perplexing finds n e will cite 
as typical the case of the Galley Hill skeleton. 

Galley Hill is near Swanscombe, mentioned above, and the site is the 
same 100-foot terrace containing Acheulean deposits. In gravels of this 
age, in 1888, a workman and local amateur scientists excavated a nearly 
complete human skeleton, including most of the skull and jaws, except 
for the bones of the face. The whole structure is typically neanthrojiic, 
including a jaw of modern type; in fact there is notliing to distinguish 
this Galley Hill man from Homo sapiens. If this skeleton had been 
found in a later deposit, its authenticity would not have been doubted. 
But when claimed to come from a horiaon this early, it ran counter to 
the evolutionary beliefs of many workers, and hence a loophole was 
sought. This was fouud in the fact that the disinterment was done by 
amateurs. Several scientists who made careful inquiry later were satisfied 
as to the authenticity of the find. But, nevertheless, doubts may legiti- 
mately remain; possibly some mistake may have occurred, and the skele- 
ton may have been an intrusive burial rather than “native” to tliosc old 
gravels. 

Were it not for a dispute over the dales of the specimens, finds from 
two sites in the Victoria Nyanza region of Kenya, East Africa, would be 
regarded as of the highest importance in the history of modern man. Here 
in the I030's the anthropologist Leakey discovered a jaw fragment with a 
modern type of projecting chin. It came from a locality (Kanain) which 
appears to be of very early Pleistocene dale; at nearby Kanjcra, in a 
Middle Pleistocene site, were found, together with two limb bones, frag- 
ments of four high-vaulte<l skulls of ncanlhropic type. 

Solo man. — ^Yc may conclude this section W’ith a description of two 
other types of men which are large brained but arc neither ncanlhropic 
in appearance nor Neanderthals in the proper sense of tlie term ; they may 
represent stages in the evolution of modem types from arcliaic ancestors 
in iVsia and Africa. 

From the banks of the Solo River in Java, where Piihccanihrojnta was 
discovered, have come the remains of a second human described as 
Homo solocnsis. The materials representing this form come from the neigh- 
borhood of Ngandong, only a few miles from Trlnil. Despite the geographi- 
cal nearness of the two sites, the two human tjqies arc dearly separated 
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chronologically, for the Ngandong deposits are apparently from a later 
period of the Pleistocene, certainly no earlier than the third glaciation. 

Of Solo man there have been found eleven partial skulls, as well as two 
thigh bones. In all of the skulls tlie base had been removed, suggesting, 
os in other cases noted, a cannibalistic fondness for brain food; and face, 
jaws, and teeth are as yet unknown. The brain was rather small, for a male 
skull has a capacity of only 1,310 cubic centimeters, and several females 
a\ erage but 1,175 cubic centimeters. The forehead was low, the brow ridges 
heavy — archaic, paleoanthropic features suggestive of Neanderthal rela- 
tionships or of a descent (as in the case of that form) from the much 
earlier PUhecanihropua type But the contours of the rest of the braincase 
and a number of diagnostic technical features are not at all those found in 
these more primitive human types but are, on the contrary, much more 
like modern man, so much so that it is more probable that Solo man should 
be considered not as a separate species but as a primitive type of Homo 
sapiens. If so, how are uc to account for the suggestively massive brow 
ridges and low forehead.^ It may be that Solo man represents an evolu- 
tionary progression upward in eastern Asia from a primitiv e large-brained 
ancestor to such modern forms as the living Australoids. On the other 
hand, we may have a blended type in which, os some believe to be true in 
Palestine, there is a mixture of races, an infusion of paleoanthropic blood 
into an early neanthropic race. 

Rhodesian man, — It is generally agreed that Solo man presents close 
similarities to the Rhodesian skull, which may be considered at this point, 
although its geologic age is uncertain. 

At Broken Hill, Rhodesia, valuable ore deposits were present in a hill 
which has, in consequence, gradually disappeared in the course of mining 
operations A long ca\ e passing through much of the hill contained many 
bones of animals so heavily impregnated with minerals that they were 
fed to the smelters. Fortunately a human skull was rescued, together mth 
a few other hones of doubtful association includiag muck of a leg. The 
skull is uncrushed and almost perfect and represents an unusual human 
type, with a number of primitive and specialized features. At first sight 
one tends to compare this bestial form with Neanderthal man because of 
such features as the exceedingly heavy brow ridges and the low forehead. 
The face is enormously developed and the palate as well, features which 
are specializations not known to be developed to such a degree in other 
known fossil types But the contours of the braincase and other details of 
the skull show none of the diagnostic characters of Neanderthal man. The 



The Rhodesian skuff comes from a cave deposit Jit Broken Hill, northern Bbodcsia, ^^hlch U of unknown 
date, although not improbably late Pleistocene. Front and side views of this massive skull are show n abo\ e 
(from Pycraft). Although the brow ridges suggest comparison with Neanderthal man, other features arc 
rather more “modern,” and close comparison is possible with the braincase of Solo man, seen below at the 
lef 




Solo man (//omo i&loftwf) from Uie 
late Pleistocene of Java is known 
from a number of skullcaps; the 
most complete is show II (aiore, Ufl). 
(Originals tlcscribcd by Oppenoorth 
and \on Kocnigswald.) 

Restorations of Neanderthal ond 
Cro-Magnon types by Dr. J. If. Mc- 
Gregor. .there, Uie soft anatomy 
of the head has }>ccii carefully re- 
stored. Ixjt, thchsirlios been aviJod 
(altliough of course «e base no cer- 
tain knoHfedge of tliU) (o guc a 
more "natural'* apjicarance. 



Cro-Magnon man Tlie Upper Paleolithic men of western Europe 
oldest known tcpresentalivcs of our species la that region are gen 
erally termed tlio Cro-Magnon race The name is derived from the 
French rock shelter of that name (seen on a later plate) whence a 
tj-pical example of the race was derived Vlthough variations occur 
most of the skeletons from tlie Upper FaleohUiic of Europe var> 
little from tJ)et)pical Cro-Magnon type The men were tall rugged 
ly built and large brained w itb h gh foreheads and long heads lefl 
two t>'pical skeletons of tall individuals from the Gnmaldt caves of 
the Riv era Below two skulls Left Uie tj-pc of the race an old man 
from the Cro-Magnon shelter (teeth restored) right a closely com 
parable skull from Gr maldi Cro-Magnon man is of uterest lor his 
artist c productions (examples are shown on other plates) abate a 
restoration by Cliaries R Kn glit of a group of Upper Paleolithic 
artists (Upper figure courtesy American Museum of Natural His- 
tory New York old man of Cro-Magnon restoration by Dr J H 
McGregor other figures after Vemeau ) 
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brain was small, with a capacity of only 1,300 cubic centimeters, strikingly 
low for such a large skull. If the limb bones, nhich are modern in type, be- 
long to the skull, they indicate a man of average modern proportions. 
We have no data from which to estimate the age of the skull, but the simi- 
larity of its braincase to that of Solo man suggests that it may well be 
late Pleistocene. A comparative braincase found a few years ago at Sal- 
danha, north of Cape Town, seems, from associated bones and implements, 
to date from about the third interglacial stage. The problem of tlie rela- 
tionships of Rhodesian man is the same as in the case of Solo man. There 
is a fairly general belief that Rhodesian man may be related, through other 
extinct types considered later, to the ancestors of the living Bushiuen. 

MODERN MAN 

Cro-Magnon man. — Toward the close of the glacial period, during the 
latter part of the WUrm glaciation and the phases of the final retreat of icc, 
men of our own species entered Europe. Succeeding the Moustcriau imple- 
ments, we find m numerous deposits a layer containing new industries, 
those of the Upper Paleolithic, with flint blades and numerous bone im- 
plements replacing the flake tools of N'eanderthai man and with evidence 
of contemporary activity in art and other fields, which indicates that tlie 
newcomer was a man of wider mtcKcctual horizons and activities than his 
predecessor. This new European, we know from numerous associated 
skeletal finds, was, as Cro-Jfagnon man and related types, a representa- 
tive of our own species. Homo sapiens. 

Whence he came is a question to which we have as yet no satisfactory 
answer. We have seen that there is considerable evidence suggesting that 
such a modern type of man may have been evolving much earlier — in 
Middle Paleolithic days and perhaps even earlier. As to the place in w hich 
he arose, the Jlousterlan culture generally associalcnl with Neanderthal 
man does not spread far into ^Isia, and (he modern type of man may ha\ e 
been present in that continent while the typical Neanderthals still flour- 
ished in Europe. 

The Upper Paleolithic stage in Europe may have begun as early perhaps 
as 30,000 B c. and persisted until approximately 13,000 u.c. It is cus- 
tomary to refer the human finds of this age to the Cro-Magnon race, w hich 
takes its name from a French rock shelter where characteristic skeletons of 
this tjqic were discovered. Remains of this sort are particularly abundant 
in the caves of France but are found widely distributed in various regions 
of western and central Europe? about one hundred individuals arc known. 
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The head is rather large and massively built, features which some sug- 
gest are due to a dash of Neanderthal blood in the Cro-Magnon race. In 
general, however, one can state with confidence that palcoanthropic fea- 
tures are absent. The great brow ridges are lacking, the forehead and skull 
vault are high, the occiput rounded, the face reduced to modern propor- 
tions, the nose narrow and prominent, the chin highly developed, and in 
every respect Upper Paleolithic men were on a high plane of development. 
The skulls are almost always dolichocephalic, with cranial indices general- 
ly ranging from 65 to 76 (an exception, however, is one brachyccphalic 
skull) These large heads contained large brains, averaging in males 1,700 
or 1,800 cubic centimeters; again, however, sexual differences are marked, 
and the females were smaller brained. As racial peculiarities we find that 
the face was short but broad and the eye sockets correspondingly wide 
but low 

This was a tall race, on the whole, many males being six feet or so in 
height In the body as in the skull, build and proportions are modern, 
without any trace of Neanderthaloid cliaraclers. 

Some degree of variation existed, of course, among these ancient men. 
The Predinost type, for example, is that of a group of mammolU-lmnlers 
of ancient Moravia, in which the face was rather long, tlie chin rather less 
prominent, the supraorbital ridges more than normally developed — fea- 
tures which give a slight Neanderthaloid aspect to their skulls. A skeleton 
from Combe Capelle m France is that of an individual vvitli both skull and 
body rather smaller tbau usual m the Cro-Magnon type, the jaw and 
brows were rather like those of the PredmosL specimens. Skeletons from 
Chancelade m France and Obcrcassel m Germany, wluch date from a 
rather late stage in the Upper Paleolithic, show' more rounded orbits, 
longer faces and shorter bodies, and a general appearance wliich has sug- 
gested to some workers a coinparisou with the Eskimos or at least with 
Mongoloids of some sort A burial m the caves of Grimaldi on the Riviera 
contains two skeletons, probably a mother and her adolescent son. Here, 
as in the last instance, body and head are relativ’ely small The general 
proportions, projecting teeth, and rather broad noses have suggested to 
some writers Negioid affinities, although this belief is disputed. 

Variations do exist, but, on the whole, they aie not marked A recent 
objective metrical study of the entire series of known Upper Paleolithic 
residents of Europe shows tliat, all in all, there are no greater variations 
than one finds today in a relatively pure racial gioup. 

With the withdrawal of the ice and related changes in climates, plants, 
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Upper Paleol (hic men of Asia and Africa VUIiough most of our 
knowledge of anc cut races of our osin spec es I as been obtained from 
Europe the last t^ro decades 1 as c seen the extension of our knon ledge 
to oU cr Old \Norld areas The Cl oukoul cn ca\c m China has yielded 
from an upper level several skulls (upper Irff) nh>c]i si o» fen if any of 
ll e spec alized features of modem Mongolo ds 

North Urea i as yielded a number of Lpper EalcolUiic skuIU 
Upperngft a male from the cave of Ucm Segoual m VIger a verysim- 
lar to Cro-Magnon man Loicerlejl one of several skulls from Gamble a 
Cave in Ken^ a Colony Last Unca nl ere an Upper Paleol tine culture 
a as present these men of Ken^a sho v 1 Itle trace of Negro d alBiutics 
J^eer right a skull from Vssclar m the southmi Saliars the skeleton u 
show n at tl e r gl t lie specimen appears to be of considerable antiqu ly 
and docs si ow Negro d features (Cl oukoulicn from a cast courtesy 
Dr 1 ram \N c denre eh Cenozoic llcscarch laiboralor} 1 eking Beni 
begoualfromUoule \allois and^cmeau GambleaCavefromLeakey 
Vssclar from Doule and \ olio s ) 
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Two famowt Upper Paleolilhic sites Aloie left the >illage of Les 
Ejzies in the Dordogne region of southern France Bdnnd the 
houses at the base of the cliff nos the Cro-Magnon rock shelter 
(Photograph courtesy \mcrican Museum of Natural History, New 
YotU) Upper Tight the grottos of Grunaldi ontheRniers Several 
caves with Upper Paleolithic implements, human skeletons fossil 
animals are seen at Uie left as crev ices in the chff ( Vfler \ emeau ) 

The Chancetade-Obarcassel race A Cro Magnoo variation of Mag 
dalenian age is represented by skulls from Ciiancelade in i ranee and 
Obercassel to G«nDaQ> Left a figure of a male from Obercassel (the 
teetli restored) Some nrilers believe these specimens to show 
Eskifflo-Iike features (After Bonnet ) 

The Crimoidl race At Grimaldi besides topical Cro>Magnoii finds 
a lower Nurignacian level revealed the skeletons of two distmctne 
individuals with projecting teeth and other features suggestive of 
Negroid affinities These skeletons and one of the skulls are shown 
below They represent a middle-nged woman and a jouth (Uter 
\ emeau ) 
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and animals, the Upper Paleolithic culture came to an end, and presently 
new racial types appeared in Europe. What was the fate of the Cro- 
jMagnon race? The details are obscure, but, as suggested in the next chap- 
ter, their blood may still flow in the veins of many modern inhabitants of 
western Europe. 

Africa. — We have thus far concentrated our attention on the appear- 
ance of Homo sapiens in Europe and have done so because our knowledge 
of his early history there is mudi more adequate than it is in other areas. 
In recent decades, however, many new finds of ancient representatives of 
our species have come to light in various parts of Asia and Africa. While 
the story is none too clear as yet, we may briefly mention some of the 
more interesting discoveries of this nature. 

In northern Africa, finds in Algeria iadicalc that Upper Paleolithic 
races of that region were fairly similar to their Cro-Magnon contempo- 
raries across the Mediterranean. Not too dissimilar, also, arc certain 
Upper Paleolithic finds from East Africa, including a scries of skeletons 
from Gamble’s Cave in Kenya and another individual from Oldoway in 
Tanganyika (the latter was once believed to be still older). In many re- 
gards these men are comparable to the Cro-Magnon race, but tliey are 
rather more slenderly built, with longer and narrower faces and rounder 
eye sockets. They appear to be rather similar in type to the basic stock of 
brunet “whites” which form the modern Mediterranean race (in a broad 
sense of that term). 

Africa today is the great center of the Negro race, and there are some 
evidences of ancient members of that slock. A skull from Asselar, in the 
southern Sahara, which cannot be accurately dated geologically but aji- 
I>ears to be of respectable antiquity, shows Negroid features, and the same 
is said to be true of other skulls from East Africa. 

Workers in South Africa have accumulated considerable fossil evidence 
which suggests that the Bushman is a descendant of ancient inhabitants 
of that region. Among others a skull from Boskop in the Transvaal ap- 
pears to represent an ancestor of this interesting race, although one with a 
larger body and larger brain tlian in his supi>oscd descendants — ]>erhaps 
physically degenerate. A still more archaic-looking skull from Florisbad in 
the Transvaal is thought to be a connecting link between the Uhodcsian 
t^pe and these Bushman ancestor. 

Asia. — Upper Paleolithic cultures, rather comparable to those of Eu- 
rope, stretch away eastward through northern .Isia, and tlieir makers 
may hav c been not too dissimilar to the Upper Paleolithic men of Europe. 
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In China the very caves of Ciioukouticn ]iave in their ujijier and later 
layers skull remains of this age which, while varied in details, arc of a 
“high” human type 

We have no evidence of anj sort regarding the early history of the 
Mongoloid peoples, now so important in Asia, possibly they may have 
dev eloped at a relativ ely late date Deeply regrettable is the lack of knowl- 
edge of Upper Paleolithic times m central ^Vsia and in Iran and India 
These areas have probably been of the greatest importance in the early 
history of our species, but we do not have the slightest scrap of a bone 
from these regions 

The native Australian is rather generally considered to be an archaic 
tvpe of our species which has reached his present home bj a migration 
down the East Indian island chain Several fossil “documents” ajiiiear to 
record this migration In Java still another type of some interest is ad- 
jak man, represented by two skulls The age is uncertain but appears to 
be close to the end of tlic Pleistocene This min definitely pertains to the 
modern species but is rather primitive, with somewhat prominent supra 
orbital ridges and a massive skull build, the brain wis large Wadjak man 
may have descended from the Solo man mentioned m the last section, on 
the other hand it is generally agreed that he ina> be a primitive Austra- 
loid Other early Australians are found m Australia itself, skulls excav ated 
at Talgai (Queensland) and Cohuna (Viclona) have unusually missive 
faces, enormous palates, and large teeth but are m most respects very 
similar to the living Australians 

America — Despite a considerable amount of investigation, we have 
failed to find in America any story of earlv human evolution comparable 
to that of the Old 'N^orld Apparently primates had become evtuict m 
North America earlv in the Tertiary, before they had even attuned the 
monkey stage, and manlike apes are unknow n in the eatern Hemisphere 
Some vears ago teeth were found in the late Tertiary of western Nebraska 
which appeared to he rather manlike and were giv en the name of llespeto 
pithecus, the “western ape ” But further research disclosed that they were 
merely rather aberrant teeth of a fossil peccary, a member of tlie pig 
family teeth are one of the features in which man and swine show em- 
barrassing similarities In South America a patriotic paleontologist, am 
bitious to show the evolutionary importance of his country, once desenbed 
a senes of protohomos” supposed to show the ev olution of man from ape 
m Argentina But these remains, on critical examination, appear to be far 
from convincing ev idence They include, among other specimens, part of 
the skeleton of an ordinary South American monkey and a bone dredged 
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out of the Buenos Aires harbor, which may suspect to beasou\enirof a 
sailor fallen overboard after a large evening m that gay city Ihe earlier 
stages in human history, it would seem, were already past before man 
reached the western world 

The time of Iiis arrival, however, is a problem of considerable interest 
There is an increasing body of evidence that when Columbus and later 
\05agers arrived to discover the Indians m possession, man was far from 
being a newcomer and may have been here for many thousands of v ears 
As we have noted, the Ice Age fauna of the Americas was a far different 
and richer assemblage of animals than those now living Tor man> decades 
there have been repeated finds which, when summed up, definitely show 
that man had entered this liemisphere before the Pleistocene fauna had 
become extinct and was a contemporary here of native A.raerican camels, 
ground sloths, mastodon and mammoth, and fossil species of bison 

But even so this does not necessarily mean any remote antiquity At 
one time it was thought that many of these extinct animals liad died out 
rather early in the Ice Age Tins is no longer believ ed to bo tlie case, and it 
seems certain that many elements of the older fauna survived to a lute 
date Camels, proboscidians, and sloths lingered on m North America well 
after the retreat of tlie hst glaciation and may have been present in tins 
country until a few thousand years ago 

If man had been an iniiabitant of America during an> great extent of 
the Ice Age, we would expect to find flint inijilements comparable to those 
of the Lower or Middle Paleolithic of the Old World This is not the case 
The oldest types of flint implements known at present are fluted dart 
points, termed the “Clovis” and "rolsora” l>pcs after the New Mcxicin 
localities where they were first discovered This type of iinpltmcnt di/fers 
from anv used by recent Indians m the West But this is not m itself any 
proof of great antiquity and such a flint might have been produced by a 
people in the "Mesolithic cultural stage or, at the most, the lute Pulcohlhic 

Tew skeletal remains arc known in North America which can lay claim 
to any great antiquity, and none ajijicars to be m any way i>nmili\ e Die 
“Minncsotu lady,” for cxtmple, is the skeleton of a nuklcn found m i 
supposed Ice Age deposit in that slate Hie skeleton mdicilcs that she 
had a powerful jaw (a feature upon which wc shall not coimncnt further) 
but in all other regards appears lo be similar to mcniliers of rtxxiit Iinli in 
tribes of that region A skeleton found 111 m old lake bed ne ir "Mexico 
City, dating from about 10,000 nc and associated with m immulli n:- 
m uns, likewise fails lo show anv major diilcrenees from later Indian Ivpts 
VII the evidence ‘•o far cilc<l iv thus inconclusive in nature C ireful ge* 
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ological work lias aided in dating the arrival of man Tlie “Minnesota 
lady is claimed to have come from a deposit laid down in a Pleistocene 
lake, about 20,000 b c , but the skeleton was exca\ aled durmg a road 
repair job, and we cannot be sure that she actually came from these hke 
beds Geological m\ estigations of sites where Folsom implements are pres 
ent suggest very late glacial to early post glacial times 

Current work m carbon 14 dating is aiding greatly m the solution of the 
problem of when man reaclie<l the Western Hemisphere The lowest cul 
tural level in the Sandia cave m New Me\ico — well below a level 
with Folsom points — gives a dale of approximately 20 000 j ears, mdicat 
mg that man arrived here well before the close of the Paleolithic stage m 
the Old Morld A number of quite reliable determinations are m excess of 
10 000 vears Makers of the Clovis and Polsom points appear to have 
liunted the western plains 10 000 to IJ OOO years ago Bones from a cave 
in Patagonia show that man had penetrated south to that remote region, 
w here he w as a contcraponrj of ground sloths and nativ e horses, bj about 
7000 B c 

How did man reach America? Probably not by any lengthy sea vojage, 
for although a stray canoe or so miglit have reached America by sea, and 
there is some slight suggestion of cultural interchange across the Pacthc, 
there is not the slightest trace of racial similantv between the Indians and 
the inhabitants of the Pacific islands to the west or Africa to the east 
Presumably migrations were miinly by land, vna the Bering Strait route 
from Asia The crossing there today is a short one, a trip which would not 
be too difficult for any coast dwelling primitive people which could make 
a crude craft of some sort Further, geologists have pointed out that sea 
lev els fluctuated greatlv during the Pleistocene a drop of little over 100 feet 
would effect a land connection, and the first comers maj have entered 
America drjshod 

Once across penetration of the continent w ould hav e been accomplished 
without too much difficulty Even during the peak of the glaciation it 
seems that considerable portions of Alaska and British Columbia were 
free of ice there existed down the west flank of the Rockies a corndor 
through which a hardy folk could have passed to reach the more hospitable 
lands to the south. Me can pictuie the peopling of Amenca as occurring by 
the passage into Alaska of successive waves of Asiatics who drifted slowly 
southward and spread out to populate the temperate and tropical regions 
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In our last chapter we discussed the position of our oi^n spe- 
cies, Homo sapiens, in the human family; here we shall make some attempt 
to differentiate betu ecn the various racial types comprising this species. 

RACIAL DETERMINATION 

Possible nonphysical criteria. — Upon what basis can sve discriminate 
between one race and another? One obvious suggestion would be to use 
nationality as a basis. An Englishman, a Frenchman, a German, are all 
definite types to us, and we associate these types with definite govern- 
mental units. But we have only to look to Europe to see that national and 
racial boundaries need not coincide, many of the confiicts of that troubled 
continent have been, and still are. due to the inclusion of alien popula- 
tions within national boundaries 

Language is another possibility. Man lends to retain the speech of his 
fathers even m a foieign land; various types of language sliow clear evi- 
dences of relationshij) and common descent. Cannot the evolution of lan- 
guages be correlated with the history' of the peoples who speak them? 

Language may afford a clue as to racial affinities but often a treacherous 
one. Chief T^\ o-Guns-Whitc-Calf and the Pullman porter may speak Eng- 
lish, but they are obviously unrelated racially to the English people among 
whom this language originated. In modern Europe tlicre arc numerous 
areas where a change in language has been made or attempted without 
any change in the racial makeup of the population, and there are many in- 
stances where the conquest of a country has resulted in the re]>lacemcnt 
of the native language by that of numerically insignificant conquerors. .V 
century .ago it was discovered that almost all the languages of Eurojic and 
those of Persia and much of India were descendants of a common tongue, 
of which Sanskrit is a litllc-changcd relict. On the basis of this <li>co\cr.v 
was creeled a theory of common descent of the peoples who sjicak In<lo- 
European languages. But we now’ realize that this language slock L naliv c 
to only a suiull projiurtiun, at the most, of those who now utilize it; it may 
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ln\c been cairied bj inigrationb md conquests, but the Indo Euroj)t in 
langinges liv\c sjiread far more \igorously than the j)eoj)les nlio have 
earned tliem 

Can culture be used a*, a basis for studiung raci il history^ e tend as a 
rule to be consen ilive m our customs, our beliefs, the tv pcs of material 
objects which we fashion for ourselves But here again we must be war> 
forcultuial trails often spread widely bj adoption or iresiipenmjioscd bj 
conquest Ihe Aineiican Iiidiin of pilgrim dajs triveled on foot and 
fought with bow iiid ariovvs but the horse and rifle both taken over from 
Europe ms wcie m ijor elements in the life of the Indian of the coveied 
watjOn era The Mexic in jicon is i Christian, but the blood in his veins is 
almost identic il with that of his predecessors who worshiped Quetzal 
coatl 

Nationalitv language cultural trails ind cultural objects — all these 
mav afford suggestions as to racial aflmilies or oiigins, but thej are to be 
used with caution Ihe onl> definite and fairlv jioMtive knowledge which 
wc can obtain icgaiding the [icdigrce of an individual or a group is from a 
study of its jihvsical cli iraclenslics 

Racial mixtures — ^Mlcn wc discuss the relationslniis of other animals 
we do so in terms of specics oi I irger units Tliesc groups arc generally 
clear cut spccics seldom biccd with one mother and are usually separated 
by clcarlv defined stiucturd dilferencts 

But 111 the attempt to studv human races we arc dealing with quite an 
otlier tvqic of problem All living men are seemingly members of a single 
species Members of all human groups can bleed with one another and 
fiequentlv do so in the Hawaiian Islands forc\amj)le mav be found al 
most cverv conceivable tjpe of cross between the major racial groups of 
the Oiient and Occident 

Such wide lacial interini\tures aie facilitated, it is true, bv the dev elop 
meut of modern communication methods but crossing between races 
must obvious/y have been a common occurrence tbroug/iout human hfs 
toij Intermediate border groups have probably been common at all 
times and ev ery w ar oi conquest has naturally resulted ni a mixing of the 
strains of conqueroi and conqueied \Ae would thmk, for example of the 
offspiing of an Englishman and a French woman as products of a mixture 
of Iw o races But what is the English race’ ithin histone times w e know 
of three inv asions which have added new strains to the pre existing popu 
lation and there is good evidence that a numbei of similar invasions have 
taken place in late piehisloiic limes The history of the Freiicli lace is 
a similarly complex story 
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Probably there is not, and never has been, a really pure race. When \\ e 
attempt to establish a racial type, »e attempt to set up a series of charac- 
teristics commonly found in the people of a certain area or of a certain 
caste; few will evactly meet our specifications in ail respects. A pure racial 
type is a man-made ideal, seldom perfectly realized. 

Migrations. — It would be difficult enough to deal with racial problems 
were peoples stationary But ourproblems are further confused by tlic fact 
that movements of peoples appear to have been common throughout hu- 
man history 

The overseas movements of the European peoples arc only the most 
recent and sinking of human migrations Throughout the historic period, 
wave after wave of peoples have swept into western Europe from tlie 
east — Celts, Germans, Huns and Avars, Turks — and archeology reveals 
similar prehistoric events. A great southern migration of Xegrocs into 
South Africa was in progress when England took over that region. The 
Chinese people have sjjread southward over a vast area during the lime 
covered by their written history Many migrations of American Indian 
tribes can be definitely plotted. 

These arc but a few of the more striking of known migrations of peoples. 
ISIankind has been, and still is, in motion Groups once strangers have 
come into juxtaposition or have fused, related types have been isolated 
from one another and their affinities obscured or rendered doubtful. 

Can we trace any general pattern in these migrations? The movements 
of a people may be due to a vancly of causes; tiiey are, in physical terms, 
a “resultant of forces ” Better lands ahead to hunt m, to till, or to plunder; 
powerful enemies behind, a need for more territory for increased numbers; 
these and many other factors may make for migration 

In the evolutionary history of mammals we find that the main, early 
center of group dispersal appears to have lam in the northern land areas 
and particularly in Asia (although other conlmenls, particularly N’orlh 
America, have acted as minor centers). From that continent appear to 
have radiated many mammalian groups to migrate eastward via AKiska 
to the Amenc.as, southward to Australia or Africa, westward into Eurojic. 
In agreement with these findings is the fact that the most primitive of liv- 
ing inatmnals arc found in comparatively isoLated area.s, farthest from 
their original Asiatic homes, whence they have been iiushcd hy more ad- 
V anced types. Australia is the home of the most iirimitiv e of existing mam- 
mal faunas; archaic ungulate tji>cs }>crsistcd in South Amcric.a lung after 
their extiuclion elsewhere; the modem African f.uina is a survival of lhai 
of Eurasia two epochs ago. 
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The distribution of modern human races and the known history of liu- 
man migrations suggest that the geographical story of man has been 
similar to that of many other mammalian types A majority of known 
migrations have emanated from an Asiatic center, and some of the seem- 
ingly most primitive of liuman races are found in the Australian region 
and Africa Whether or not Asia is the onginal liome of man cannot be said 
with certainty, but Asia has surely been a major center of human dispersal 

Physical criteria of race — Altemi>lstocharacterize racial groups should 
not be made merely upon casual and random observations but upon care- 
ful study of numerous individuals, such studies being of a quantitative 
nature as far as possible Many fealure-i nia^ be observed or measured on 
the living, numerous standard types of measurement may be made upon 
the skeletons Naturally, skeletal measurements alone are available for 
prehistoric peoples, and even for well known historic races accurate data 
as to the soft parts, such as hair, skin, pigment, etc , is usually woefully 
inadequate 

We must, of course, use some caution in drawing conclusions regarding 
racial evolution from physical data Environmental factors, particularly, 
may cause changes in the development of an individual to such an extent 
that wc might incline to place him m a racial categorv rather different 
from that to wliicii he belongs We arc all familiar, for example, with the 
fact that hardships m youth, particularly jioor diet, may make for re 
stneted and abnormal growth On the other liand, studies of American 
college fathers and their sons indicate that the younger generation is dis 
tinctly taller — by an inch or so — on the average This does not indicate 
that there is any change in mhcrited factors but is due, we fondlv believe, 
to more intelligent upbringing and better diets, which have given an en 
vironment more favorable for growth Measurements of the children of 
Italian immigrants indicate that their head shapes are rather different 
from those of their parents It has been suggested that m such a case the 
new environment has resulted m a permanent hereditary change in this 
character There is, however, a reasonable alternative explanation In 
their nativ e land the inhabitants of each region mate onlv w ith their near 
neighbors, and stable local types develop In the New A^orld, however, 
Calabnan may wed Milanese, Sicilian may wed Roman, new combinations 
are formed, and it is not unexpected that measurements would varv in 
such mixtures AH in all, it seems probable that physical traits are general 
ly stable, environment may cause individual variations but can exert little 
direct influence on a racial type 



HUMAN RACES 


381 


Complexion. — Skin color is the most conspicuous of racial traits and in 
earlier days was used almost exclusively as a basis for major racial dis- 
tinctions. The pigment in all human skins is the same. It consists of dark 
brown granules of a substance called melanin, imbedded in cells of the 
skin. If abundantly present the pigment gives a black effect. Smaller 
amounts give brown or yellowish effects. If little pigment is present a 
“white” appearance results, while a plentiful blood supply to the skin gives 
a ruddy tinge. The Negroes are, of course, notable for high amounts of 
pigment; the Australians also lend toward a black; brownish to olive or 
yellowish complexions characterize the greater part of the remaining races, 
while blond tendencies are most noticeable in northern Europe. 

To be distinguished from ordinary blonds are instances of albinism, in 
which individuals have a congenital lack of pigment. An unusual example 
of this is the case of a group of “while Indians” in Panama among whom 
there is a strong alhinistic strain, although they are closely related to the 
copper-skinned Indians of the same region. It is frequently assumed that 
skin color is affected by the environment — people liWng in the tropics 
tending to take on a heavier pigmentation as the result of natural selec- 
tion. This may be to some extent true; out the albino Indians just cited 
are an extreme example of the fact that color and environment arc not 
necessarily related. 

Primates generally have a considerable amount of skin pigment, and 
hence it is reasonable to assume that primitive man was “dark-complcct- 
ed.” But whether the pigraenlation was primitively as heavy as in the 
modern Negro seems very doubtful; and there is, of course, no evidence 
on this point regarding older races. 

Eyes present important characteristics. The varying eye colors dcjicnd 
upon the pigraenlation of the delicate iris, the diaphragm covering the 
margins of the lens. Some pigment always present in the deeper layers of 
the iris reflects a purjilish tint. In bluc-eycd persons there is no other pig- 
ment in the iris. If, however, jngmcnl is present more superficially, the 
blue is masked, and other colors appear. A slight amount of dark pigment 
will produce a gray or hazel color if the blue is not completely masked; 
heavier concentrations of pigment lend to gi\e yellowish, brown, or black 
shades. In most races brown to black eyes dominate; blue eyes arc in 
general characteristic only of northern Europeans or those who have in- 
terbred W’ilh them. 

The upper eyelid frequently bears a fold which may project downward 
and, wiien tlic eye is widely open, cover the free, lash-bearing margin of 
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the lid to a gieater or lesser degree Such a fold may occur at the inner 
corner of the eye (appaiently an infantile character) or at the middle or 
the outer margin (legions m which folds tend to be more pronounced m 
old age) In tlie moie characteristic Mongoloids of northeastern Asia this 
fold in ly extend clear across the eye 

The face — Noses vary greatly m length* m breadth, and in profile 
Breadth of nose uas, as we liave seen* characteristic of early human tyjies, 
and breadth and shortness is today characteristic of Negroes and Aus 
tralians Mongoloids tend to be rather intermediate m nose shape, uitli a 
concave profile, iihile western Asia and Europe are regions where high, 
naiiow, and long noses prodoimnatc In narrow nosed types the contour 
IS frequently convex, with the jicak cither high up the nose, as in the 
“eagle beak ’ frequently seen in Europe, particularly northern Europe, or 
with a general pronounced convexity, as m the Armenoid type common in 
Asia Jlmor and m somewhat modified form m the Balkans Curiously, a 
somewhat similar nose form is found among the Oceanic Negroes, and 
many North American Indians arc hawk nosed Lips, in general, give 
little basis for racial characterization In Negroes, however, we find an 
exceptional condition in rather tluck and out turned hps 

The proportions of the face are frequently characteristic of racial groups 
In a child the face is always relatively short and broad, m adults Uiese 
proportions are sometimes retained, but m many cases the depth of Uie 
facial region of the skull and of the jaw increases to give long ‘ horse 
faced types The short face seen, for example, m many Negroes and 
Australians is perhaps primitive, long faces tend to be common, on the 
other hand, in northwestern Europe In some broad faced races the cheek 
bones jut out prominently, this is a characteristic Mongoloid feature 
Also useful in classification are features of tlie face as seen in side view 
Prognathism is a term used to characterize a forward juttmg of the jaws 
such as IS seen, m our own species, most commonly m Negroes and Aus 
tralians, m contrast with the more vertical plane of tlie face m, for ex 
ample, Europeans Vie have noted variations in chm projection m the 
older evolutionary story Similar but less pronounced variations are pres 
ent among existing races 

Hair — Perhaps the most useful bases for racial classification lie in the 
characters of the hair As regards form, one extreme type is that found m 
Mongoloid races where the hair is very coarse and straight In Alpine 
‘ whites” and Negroids the hair is coarse to medium in texture, while fine 
hair IS characteristic of Mediterranean peoples In marked contrast to the 
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straight hair of Mongoloids is that found in typical Negroids, markedly 
coiled in tiny spirals, giving a •woolly appearance. In the Negroid type the 
root portions of the liairs beneath the skin are curved to begin Avith, and 
the shafts are flattened, comparable to a ribbon of tooth jiaste, allowing 
curling to take place readily. In tlie IMongoIoid type the roots are straight 
and the hairs have a round crass*seclion, making twisting dilBcult. Be- 
tween these two types there are many intermediates. In many Negroids 
the hair is longer and less tightly coiled than in extreme forms; “kinky” 
or “frizzly” are here more appropriate terms. jSIany peoples, such as Euro- 
peans and Polynesians, for example, have wavy hair. Here the hair tends 
to be long, moderately fine, and with an oval cross-section which allows 
some degree of twisting. Although hair is not preserved in prehistoric 
remains, the present distribution of hair types suggests that considerable 
curling may have been characteristic of early man. 

There is great diversity in the amount of hair present in various races. 
In both Negroids and ISiongoloids tlierc is little beard or body hair. On 
the other hand, wavy-haired races tend to liave relatively heavy beards 
and much body hair. The “aboriginal” Ainus of Japan have the reputation 
of being the hairiest of living races. Among Western peoples the short- 
headed types, “Alpines,” in a broad sense, lend to have heavier beards 
and more abundant body ivair titan long-headed races. 

Hair color is, for the most part, dependent upon the amount of melanin 
(similar to that of the skin) present in the hairs; hair and skin colors arc 
typically correlated. Tlie pigment is very abundant in Negroes and Mon- 
goloids, giving a black color; little pigment is jiresent in blond nortlicrn 
Europeans; an intermediate condition yields brotvn hair. In orldition to 
the melanin a second, red-gold, pigment is sometimes present; if the mela- 
nin is reduced in amount red hair may result. In many liglit-halred races 
the amount of black pigment in the hair lends to increase with age, so 
that blond or red-haired children tend to have more brow nish and darker 
hair as adults. 

Stature unquestionably differs greatly from one racial group to im- 
olher- However, it must be usc<l with caution forr.acul discriminalion, for 
it is obvious that there are great individual variations within groups, and 
wc have noted that nurture may be responsible for markcil individual 
variations in Iieight. Wc must, in addition, discount tlie sporailic appear- 
ance of gigantism, cretinism, and other abnormalities due to improper 
functioning of the secretions of the piluitoiy ami thyroid glands. 

The adult male may be taken as a standard for measurement. Average 
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human stature on this basis would be in the neighborhood of five feet 
five inches llie shortest groups of mankind are tlie Negroid Pygmies, in 
which a five foot stature is about the maximum, and many individuals 
may be half a foot or more short of this Short stature, although not so 
extreme, is common in the general Malay region, the Bushmen and Hot- 
tentots of South Africa, the Ainus of Japan, the Lapps of northern Europe, 
the Eskimos, and a few Indian Inbcs arc also markedly short On the other 
hand, height averages of about five feet seven inches or Inghcr arc found 
in a number of regions, notably m various types in northwestern Europe 
and the Balkan mountains, a number of tribes of central and southeastern 
Africa, some Indian groups of eastern North America, and a few other 
scattered regions 

Skull proportions — The cephalic index, tlie ratio of breadth to length 
of the braincase, is a universally used measurement discussed in the last 
chapter Extinct human typos, we have noted, were almost all dohcho 
cephalic v ery probably brachj cephaly is a comparatively late human de 
velopment In Euroiic broadheads were rare until quite late prcliistonc 
times, in America there is much evidence that long headed folk preceded 
the more typical brachyccphahc Indians Among existing Old World laces 
we find that dolichoccphaly is prevalent m Africa and Australia and the 
‘'fringes * of Europe and Asia, brachyccphahc skulls are dominant in all 
the more central portions of Eurasia, suggesting a newer development 

But while this index measurement is of interest, there are many other 
features of the braincase to be kept in mind Absolute size of the head, 
slope of the forehead, height of the cranial vault, are all items of interest 
Further, broad skulls are not alwavs well rounded, the brachy cephalic 
people of southeastern Eurojie and Asia Minor tend to have flattened oc- 
ciputs and angular skull contours The capacity of the braincase interior 
is a measurement to which we have referred earlier As noted, this figure 
is of mterest and appears to show racial variants but cannot be used as 
an index to mentality European male capacities average about 1,500 cu- 
bic centimeters, some small bodied races average 300 cubic centimeters 
less without obvious harm to the mtellect 

Blood groups — When, long ago, attempts were first made to giv e blood 
transfusions, it was discovered that the blood was not the same in all men. 
and that frequently after the introduction of blood from another person 
the new red blood cells tended to stidk together m clumps (agglutinate) 
m the host, with disastrous results Research has given us tlie reasons 
for this effect In many cases the surface of the red blood cells of an mdi 
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vidual contain one or both of a pair of complex chemical structures (pro- 
teins) which are arbitrarily called A and B. There are thus in any human 
group four possible lyjics of individuals, which (if absence be designated 
by O) can be called O, A, B, and AB. It is a curious but unexplained fact 
that a person whose cells have Uie A material contains a second lyjie of 
protein in his blood serum which, if blood of a B-type individual is put 
into his circulation, tends to unite with the B pai tides of the transfused 
blood cells and causes clotting. Similarly, B individuals in their serum 
carry a substance which will clot introduced cells from an A individual. 
People whose cells have both A and B substances obviously lack a clotting 
material of either type and hence can take in blood from anyone witliout 
danger — they are uniiersal receiiers. On the other hand, O people have 
blood cells that lack both and B; such blood is not susceptible to attack 
in any case and can be transfused into anyone. People with 0-typc blood 
are toiitersal donors. 

The recognition of substances A and B is of interest not only to the 
physician but also to students of heredity and evolution. These substances 
are inherited by normal genetic processes. And, further, it is found that 
the percentages of A and B present in individuals vary greatly in difTcrent 
areas and races Tests of Uie blood have been made in many thousands of 
persons from all regions of the world. 

Tlie A material is, on the average, present in 20-25 per cent of Indiviilu- 
als in the Old World In ji.arts of Australia, houever, it may be present in 
as much as 40 per cent of the natives In llie Americas substance A is 
apparently very rare in natives of South America and much of the south- 
ern and eastern regions of North America. In the Indians of Canada and 
the Rockies, however, much higher percentages are present, and the 
Blood and Blackfcet Indians have Ibis factor present in more than half 
the individuals. Substance B is, in the Old World, present in many areas 
in 15-20 per cent of individuals, with the highest percentages mainly in 
central ^Vsia. In certain peripheral groups, houever, including the Aus- 
tralians, the Bushmen of South Africa, and jicojilc on the v^cslerii fringes 
of Europe, B is quite rare. And in American Indians, except for one or 
two dubious records, B is almost unrcjiortcd. In fult-bloodcil .Vmerican 
Indians, as in Australians, Filipinos, and isolated Negro group-?, 0-typc 
runs verj' high. 

Sucli items of distribution of blood groups as Uiosc iiole<l above are 
interesting and suggestive. Blood groups appear to give one more clue to 
aid in unraveling the snarls of racial relationships and histories. 
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Classification of races — No j^cneral af,rcement exists among students 
01 lacc as to the criterion which should be used as the major feature m 
racial distinctions skull shape hair texture and color all haxe their ad 
X ocates The schoolbooks of our grandparents used skin color as the major 
factor and divided mankind into the whites of Europe the blacks of the 
Old ^^o^Id tropics and the yellow peoples of Asia to the last of which 
uere usually added the red Indians of America and the brown peoples 
of southeastern Asia and the Pacific islands Ihis classification gives a 
fairly neat geograpliical arrangement hut it tends to obscure the facts of 
migration and presents an unduly smipUfied picture \Ne shall here use a 



slightly different arrangement as m the accompanying diagram and at 
tempt to take into account factors of racial migration and evolution In 
this skull proportions hair characteristics skin color and nose propor 
tions are used as readily identifiable key characters 

1 Australoids Long headed wavy hair dark complexions flat noses 
the inhabitants of Australia and certain primitive tribes of southern Asia 
n Negroids Long headed woolly hair dark complexions flat noses 
the Negroes of Africa and New Guinea and the Pygmies are the major 
members of the group 

III Caucasoids The while races with variable head shapes brown 
to light complexions navy hair narrow noses They include 
A Mediterraneans (in a very broad use of that term) Long headed 
brown complexions the long headed peoples of southern Europe and the 
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Mediterranean region, southern Asia to India, and traces of siuidar popu- 
lations farther to the east 

B Nordics A northern European \ariant of the last, ^^lth blond hair 
and fair skm 

C Alpines Broad headed, brown to light complexions, Uic broadheads 
of Europe and western Asia 

IV Mongoloids Broad headed, straight hair, “jellow” or “red” com 
plexions, noses of intermediate type, most of the peoples of eastern Asia 
and America 

Our present knowledge of human history suggests that long heads, curly 
hair, dark complexions, and flat noses were pnmiti\e human characteris- 
tics and that short skulls, straight hair, light complexions, and thin noses 
are more specialized (although by no means necessarily “higher”) features 

AUSTRALOIDS 

Logically one should, m a discussion of human races, treat tlicm m order 
from the most primitive types— those who ha\e departed least from llie 
presumed ancestral stock— to tlie most advanced or specialized forms 
But which races are truly primitive^ As our survey in the lust chapter 
shows, we do not have enough fossil data to work out the pedigree of our 
modern races at all satisfactorily Further, it is prohibit that, did we 
know’ this pedigree rrelJ, new ouJd find that .^!» far hack as w o could trice 
our own species there was always some racial variation and that there 
never was a single, unique, priinituc slock And even had such a tjpe 
existed, we would liardly expect that any race living today would adhere 
strictly to the ancestral pattern 

But despite these difliculties, wc can to some extent sort out modern 
racial groups into relatively primitive and relatively more advanced imi 
specialized types It will be generally igrecd tliat the “white” and ^loii- 
goloid groups winch dominate the Northern Hemisphere m the Old World, 
and llie New World as well, arerclali\tlvs|»eciahzcd or “advanced” l>pts 
and tint we must look to the southern portions of the Old World — ^^Vfrica 
south of the Sahara, the East Indies, Au>trilu — for tjpts closer to our 
concept of what the ancestral Homo sapiens m i> have betn like 

111 tlicsc pcriplieral southern areas wt, find as native pupul itions two 
major groups, each of which has some claim to prmutivencss — the nitivts 
of Austrah i and related races, which maj be termed “Australoids,” anti 
the Xcgrouls Tilt two h ivc some common ftalurta which m i> be jirimi* 
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live. Both have well-pigmented skins, dark eyes, and dark hair, nliich is 
wavy to tightly curled (light colors and absence of hair wave are prob- 
ably advanced or specialized conditions). Both tend to have dolichocephal- 
ic skulls and broad flat noses. In both the lace is more projecting — progna- 
thous — than in the northern races, and this again can be reasonably in- 
terpreted as primitive. Both have broad lips, which possibly is a primitive 
trait although not certainly so (tliis character is less developed in Aus- 
tralians). 

Beyond these common features, however, the Australoids show a num- 
ber of features which seem to make them the better candidates for a primi- 
tive position The Australoids have low foreheads, prominent brow ridges, 
and considerable body liair — all probably primitive features. Tlie Negroes, 
in contrast, are as advanced as any northern race in the development of a 
high and smooth forehead and reduction of body hair- The dark coloration 
of the typical Negro and the tight curling of his hair seem surely special- 
izations On the whole, then, we may reasonably regard tlie Australoids 
as the modern group which has departed least from human ancestors of 
Paleolithic days 

Best known of Australoids arc the natives of Australia, found In full 
possession of that continent when discovered by Europeans. Today there 
remain about 60,000 “blackfellows,” mainly concentrated along Uie north- 
ern coasts. The Australians have little ‘‘political” organization, there be- 
ing seldom more than a banding together of a few families, but there is a 
very complex social system as to relationships and marriages and a iiigh 
development of totems. As far as material culture goes, however, they are 
at a very primitive, essentially Paleolithic stage. They are hunters and 
food-gatherers, ignorant of metals, with spears, throwing-sticks, and clubs 
as weapons, without permanent shelters or habitations, and with little in 
the way of clothing or other belongings. There is no agriculture, and do- 
mestic animals are unknown, except for the dingo which, although now 
partly reverted to the wild, was probably introduced by them. 

There is considerable variation m physical characters among living 
Australian natives, particularly in the northeast, where the differences 
may be due to an admixture of Negroid blood from adjacent New Guinea. 
We have noted above such features as the long head, the broad, flat nose, 
and the prognathous face, which they possess in common with Negroids. 
But in contrast with that group, as we have seen, the forehead is low, the 
brow ridges marked; the brain is frequently small, the chin poorly de- 
veloped. The skin is well pigmented, but tlie coloration tends to give a 
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bro« n effect rather tlian the black of the typical Negro. And tlie dark hair, 
abundant on body as well as head, is wavy or curly, rather than kinked in 
a Negroid fashion. 

The extinct Tasmanians are perhaps to be regarded as a subgroup 
of the Australian type, less subjected to invasions by other races from 
the north and hence purer in nature than the Australians proper. This 
race, when first found by white men a century and a half ago, num- 
bered only a few thousand. Proving troublesome to the settlers, most of 
the natives were hunted doivn and exterminated, a few pinned to a small 
reservation The only survivors arc a few individuals of mixed while and 
Tasmanian blood. Their extinction is an anthropological calamity. Like 
the Australians, they were m a Paleolithic stage of culture, and even their 
stone tools were of a very crude sort In general characteristics they ap- 
pear to have resembled their Australian relatives, but the nose was even 
broader and flatter, and there was a somewhat closer approach to the Ne- 
groids in a rather darker pigmentation and more tightly curled hair. 

If we tentatively accept the thesis Uiat the Australoids most closely 
represent the type ancestral to modern man, wc would assume tliat similar 
types were once present in Asia, that a migratory wave of tlicse peoples 
spread southward to Australia and survived there in relative isolation, 
and that their representatives in Asia became submerged by tiic develop- 
ment from them of more progressive human types. 

Such an explanation would be closely in accord with tlie known facts 
of evolution in other animal groups, vve have noted that Australia is a ref- 
uge for many archaic mammals whose relatives are almost entirely extinct 
in other regions 

If this explanation be true, it is not unreasonable to expect that there 
would be some trace at least, of Uic former presence of Australoids in 
Asia. This appears to be tlie case. Some survivors who may be termed 
“Indo-Australians” are found in a number of regions in southern ^ksin, 
particularly in central and soutlicm India. There, among the more iso- 
lated hill dwellers, such as the Bhils, and the Veddahs of Ceylon, we find 
tribes — some still primitive hunters — which exhibit many of the features 
of the Australian native. These “Pre-Dravidians” may well represent 
isolated mainland survivors of this ancient human slock. There appears 
aLo to be a strong Australoid strain in the natives of New Guinea and 
Melanesia, and there arc traces of such {leoplcs in soutii Arabia. And it is 
even povtible that some Australoid blooti w*as present m the earliest hu- 
man in\ aders of the Americas. 
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NEGROIDS 

The characteristics of the typical Negroid are familiar the hur is black, 
short, coarse, and of a kinky or woolly texture, and there is little hair on 
the face or body, the skin is black, the eyes dark The face protrudes 
markedly (prognathism), and the bps are thick and out turned In topical 
members of the group the skull is long, the nose short anti broad, the 
stature medium to high In contrast to Australoids the forehead is typical- 
ly high and smooth, ^\lth little development of brow ridges 



and Eskimos sh-ppled Negro ds black 

Aincan Negroes — The major homeland of the Negroid* todaj isAfrica 
south of the Sahara, where except for the Hottentots and Bushmen men 
tioned later they are the only native races The Negroes are a flourishing 
group and are not only successful m the African environment but, as has 
been proved can withstand transplantation to new regions Culturally 
the Negioes before being directlj influenced by white civilizations, had 
progiessed far beyond the Paleolithic level and had for the most part 
reached a full Neolithic level, with well developed agriculture, domestic 
animals n ea vmg, pottery, and even some knowledge of metals Inaaum 
ber of cases social dev elojiment had progressed to the organization of pow 
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erful tribal structures, but there were few stable or highly organized com- 
munities except in isolated cases sucii as the city-building Fulas of tlie 
Niger region and perhaps the unknown builders of Zimbabwe in Khodesia. 
Among the typical Negroes of Africa (and for the moment neglecting the 
Pygmies), a number of subgrouj>s may be dbtinguished. The belt of grass- 
lands running from the Nile region w’estw'ard to the Atlantic along the 
western “bulge" of Africa is the home of the Sudan Negro, characterized 
by great height and powerful build. Alany of the tribes in this northern 
region show distinct traces of the infusion of blood from “Mediterranean" 
whites. They are agriculturalists or cattle-herders. South of these grass- 
lands is the region of the tropical ram forests, including much of the Congo 
and a strip to the northwest along the coast. Cattle and grain do not do 
well in this environment, but there are pigs and goats, 3'ams and taros 
and plantains (mudi as in southeastern Asia, curiously). The forest Negro 
is a comparatively broad-headed, short-legged, stocky type, which con- 
trasts rather widely w ith his northern neighbors. From this and Uie pre- 
ceding group came most of the slaves imported into America. Somewhat 
intermediate in character are the Bantu-speaking iniiabitants of eastern 
and southern Africa, from the great lakes south to Cape Colony; cattle 
are the dominant element in tlieir economy. These sturdy and frequently 
warlike peoples include suclt well-known tribes as tlie Zulus and the 
various Kaffirs. They appear to have been spreading southward from a 
northern center when first encountered by Europeans, and had forceti 
the Hottentots and Bushmen out of most of the considerably larger ter- 
ritory W’hich they once occupied. Centering in soutlicrn Aly’Ssinia is a 
series of tribes in w’hich there appears to be a considerable admixture of 
Mediterranean blood from their neighbors to the north. In consequence, 
we find less kinky hair, lighter skin, and higher and narrower noses. 

Oceanic Negroes. — A second area occupied by Negroes lies far from 
Africa, in ^lelanesia, the “black islands,” an island group wlu’ch begins 
at the west wdth New Guinea (or Papua) and extends on eastward via the 
Solomons, New Hebrides, and New Caledonia to the Fiji Islands. In this 
region the major elements of the po{)ulation are llie Oceanic Negroes, 
typically agricultural village dwellers. In almost all major features tlicse 
Negroids arc excceth’ngly similar to their prcsumeil African relatives; 
however, the jaws tend to be rather less projecting, the lips not as much 
thickened, the hair less kinky, and (curiously) there is frequently a strong- 
ly Ijooked nose like the Armenoid ljq»e rather than that characleri'«tic of 
other Negroes. These Oceanic Negroes are none loo ell know n, for they 
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are, in general, decidedly unfriendly and have a reputation for treachery 
and bloodthirstiness. 

The racial setup in Melanesia is far from simple, for while some of the 
tribes appear to be relatively “pure” Negro types, there are numerous 
variants. In interior New Guinea there are Negritos, but they are not as 
small in stature as typical Pygmies and somewhat resemble their Negro 
neighbors. In New Guinea some tribes appear to have an infusion of 
Malay blood In various parts of Melanesia there are groups whicli re- 
semble Australians as much as Negroes and may represent a fusion of 
Negroes with an older Australian element in the population. And in some 
of the outer parts of the ^Melanesian island chain there are distinct traces 
of the Polynesians, whose major home lies on the Pacific islands to the 
east 

Pygmies. — Still more discontinuous in geographical distribution are the 
pygmy Negroids, for whom the term “Negritos” is frequently used. These 
little people are of extremely short stature, with unusually flat and broad 
noses, and with a tendency toward brachycephalic skulls. Otherwise, how- 
ever, they exhibit typical Negro features. They are found only in a limited 
number of much-restricted areas, including parts of the deep Congo for- 
ests, the Andaman Islands in the Bay of Bengal, and spots in the interior 
of the Malay Peninsula, New Guinea, and the Philippines. The African 
I^gmies dwell in the forests around the villages of the forest Negroes, 
with whom they are on friendly terms. This is not the case in the other 
regions where Pygmies are found; the areas in which they dwell appear to 
be essentially isolated hidmg places where they keep out of danger from 
aggressive and more powerful neighbors. Like the Australians, they are es- 
sentially in a Paleolithic cultural stage, simple hunters and food-gatherers. 
Their extremely scattered distribution has suggested to many auUiors 
that they represent survivors of a human stage still farther down the evo- 
lutionary line than that of the typical Negroes. There is at present, how- 
ever, no fossil evidence that man ever went through a pygmy human 
stage in his evolution. 

Bushmen and Hottentots. — For want of abetter place, we may mention 
these quite isolated little groups here. The Bushmen of South Africa are a 
vanishing race of which only a few thousand survive m the Kalahari Desert 
region of South Africa. Culturally they are quite primitive, being still in 
a hunting, food-collecting stage analogous to that of the Upper Paleolithic 
or ^Mesolithic peoples of prehistoric Europe. Their hunting equipment 
shows one major advance over that of the Australians, for tliey possess 



Archaic living Aype* 
Left a native Tasmani 
an lady (by the name 
of Betsy) (Courtesy 
Beattie Studios Ho 
bart Tasmania ) Right, 
a Bushman of South 
Africa (Photograph by 
George Leith cour 
tesy Peabody Museum 
Harvard University ) 


Auftratelds Lejt a 
Veddah of Ceylon 
member of an archaic 
group probably related 
to the Austrahaos 
( liter the Sarasin 
brothers ) Highf an 
Australian from Coo> 
per Creek South Aus 
tralia (Photograph 
courtesy Peabody Mu 
seum Harvard Uoi 
versily) 


Eastern races with Med 
Uartantaa blood Zefl 
a Polynesian A dark 
i^hitc stockwithAIon 
goloid and Negroid 
strains (Courtesy 
Imencan Museum of 
Natural History) 
Ilxght an Imu Essen 
tially archaic ii\hile 
'With some Mongoloid 
admixture liouj are 
usually excessively 
hairy but this young 
man would pass unre> 
marked on a European 
street (brom Xubo ) 









I 

-se cj 1 zm 



•v; 'Jfc, •» 

'' ' '•-w 'i ' ' ' 

-»r* ** fc'F' 

» 



Negroids /Ibote, two of African Xegro Xc/f, a Zulu and Ins wife 
The once warlike Zulus are typical members of tlie Bantu group of 
central and southem^U nca, Negroes w itk an admixture of "dark white" 
blood from the north a Km from Liberia, a tj^ncal Negro sum 
Ur m slock to victims of the slave trade Two oceanic Negroes are 
shown Upper rtghU a Papuan from New Guinea, of a tribe more than 
suspected of caimibalism Opposxte, a ^leUnesian from Uie Vdmiralt) 
Islands Alsocannibalistic and ’ reported to beunfnendly to strangers " 
Below Pygmies Lejt, African Pygmies from the forests of the Belgian 
Congo with a European of normal stature Right, an Aeta girl from the 
Phdippmes (African Negro photographs courtesy Peabody hluseum of 
Anthropology, Harvard, Papuan courtesy J D Ilipley, hlelanesian 
and Aeta girl courtesy American Museum of Natural History, African 
Pygmies courtesy H C Raven) 



HUMAN RACES 


S93 


the bow and hunt large game with poisoned arrows. They are very short 
in stature, with an average height well under five feet. In many regards 
they resemble the Negroes, for the hair is black and exceptionally kinky, 
and llie nose broad and flat. In other respects, however, they depart con- 
siderably from the Negroid tyi)e. The skin has relatively little i)igment 
and is rather yellowish; the eye form is rather suggestive of tlie Mongolian 
type; the ciieek bones are prominent, the face flat; a racial peculiarity, 
particularly of the females, is tlie pronounced steatopygia, an excessive 
development of fat on tlie buttocks. 

The Hottentots, also of South Africa, are much more numerous and, as 
cattle-herders, culturally more progressive. They show Bushman features 
but to a less pronounced degree. AYlule there is no accord on the matter, 
the majority of workers believe that the Hottentots represent a Bushman 
stock with a considerable admixture of Negro blood. 

Archeological finds indicate that the Buslimen are surely old inhabitants 
of southern Africa and that they once occupied a much larger area than 
that in which they are found today. Their antecedents are unknown and 
arc matters for speculation; wchave noted curlier some fossil skulls show- 
ing Bushman-iike features. Paintings and engravings on rock made by 
the Bushmen arc suggestive of those found in Nortli Africa and Spain in 
late Paleolitliic or Mesolitliic limes, but there is no evidence of bodily 
similarity between Bushmen and ancient men of those regions. The low 
stature and Negroid hair and nose bring to mind the Pygmies, but there 
are no other marked similarities. The coin])lc\ion and eye shape suggest 
Mongolian relationships, but geographical considerations render this quite 
unlikely. 

We have considered under tJie general category of Negroids a variety of 
primitive j>eoplcs — African Negroes, Oceanic Negroes, Negritos, Busli- 
men, and Hottentots. Taken together, we may not bo far from the truth 
in considering this assemblage of races as representativ e of a series of early 
brandies from the main line of evolution of Homo sapiens. 

Negroid distribution. — The present distribution of the Negroids oflera 
an interesting problem. Tliey arc founil in two scpanitc arc.i.s — Africa, on 
the one hand, and soullieastern .«Asia and Australasia, on the other. How 
has this discontinuous distribution come about? One suggestion is that 
one of the two areas — Africa, let us say — wa.s the homeland, whence a 
migration took place by sea to the oilier. But pure Negroids arc almost 
never .iinbilious .seafarers. Tin? most reasonable explanation at present 
is one which draws suggestions from the history of lower inanim.ilian 
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groups Among mammals, there are in Africa or the East Indies today 
many forms once present in Eurasia but now extinct there Perhaps the 
Negroids were, at an early stage of human history, present in continental 
Asia, migrated thence both east and west to their present territories, but 
became supplanted by other races m their original home If this were 
true one might reasonably exjiect to find some trace, at least, of Negroid 
blood in southern Asia Apparently this is the case, for anthropologists 
have noted Negroid characters among the more obscure peojiles of India, 
Burma, Assam, Persia, and Arabia, perhaps the last vestiges of an ancient 
Negroid population 

MEDITERRANEANS AND RELATED STOCKS 

We have now, through a consideration of the Negroid and Australoid 
groups, accounted for the peopling of the more southerly regions of the 
Old World, including most of Africa and Australasia These racial groups, 
however, have left little imprint on Asia, Europe, or the Americas These 
areas are occupied by groups generally lumped as “white” and “yellow,” 
— Caucasoid and Mongoloid While diverse m character, these northern 
groups are certainly more specialized than members of either of the major 
evolutionary stages so far discussed If we attempt to find tlieir ‘lowest 
common denominator,” a type of man from which the remainder of man 
kmd could have evolved, we find that in ail probability he should possess 
essentially some such set of characters as follows As in Australians, tlie 
head might be persistently long, the hair wavy and brown to black, in 
color, the face and body at least moderately hairy, the eyes brown On 
the other hand, we would expect a more advanced condition in a lighter 
brown skin and a narrower and higher nose than that of typical Negroids 
and Australoids 

^^e have no difficulty m finding a senes of races which fill this bill of 
particulars they are, and long have been, among the most numerous and 
important peoples of the world Extending from Spain and Morocco east 
ward along both sides of the Mediterranean, through Arabia and Persia to 
India, we find race after race of brown, long headed peoples who closely 
fit the diagnosis given above The western members of the group are gen 
erally termed Mediterraneans and it is not inapprojiriate to apply this 
term to the series as a whole Few major changes are needed, as has been 
noted, to derive them from ancestral Australoids, and it is reasonable to 
assume that they represent a progressive step in the advance of Homo 
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sapiens in an Asiatic homeland. Here, However, we have reached a group 
late enough in appearance to be still represented close to its area of origin. 

Mediterraneans of India. — Northern India is a region which has been 
subject to repealed racial invasions and in which many racial t>^)es and 
mixtures are to be found; peninsular India has been much less subj'ccted to 
external influences. In this region there are, as we have noted, surviving 
vestiges of Negroid and Australoid groups The dominant type, however, 
the typical Hindu, is a more advanced one, with the essential ilcdilerra- 
nean features. Presumably they represent the Mediterranean close to his 
native home. 

A curious offshoot of llie native Indians is that nomadic group known 
as Uie gypsies, or Homanics. Despite the implications in their usual name, 
these swarthy people appear to be descended from pariali tribes of India 
which have wandered westward to appear m Europe during the Middle 
Ages and attach themselves to Western peoples. Their racial type appears 
to be fundamentally that of the Indian Mediterraneans, although an ad- 
mixture of Western blood appears to be present; their speech is basically 
a Sanskrit modification, although there arc many loans from Western lan- 
guages 

Far East Mediterraneans. — The westward expansion of the Mediterra- 
neans U readily followed and will be discussed sliorlly What of their his- 
tory to the east? Most of central and eastern Asia is today occupietl by 
the Mongoloids, peoples which differ markedly from tlie Mediterraneans 
in such features as their round skulls and straight hair. But, despite their 
present dominance, there are many indications that they are !atcH:oiners» 
and were preceded in many eastern regions by an earlier wave of brown, 
long-headed, wavy-haired Mediterraneans. 

India is surrounded on the north and exsl by Mongoloid groups, hut 
traces of the earlier presence of brunet Mediterranean^ in these areas 
secoi to W s\\wv.w by vwv\ed types twwwd iw Burma awd east iwtw Irwlo- 
china. The inhabitants of tlicsc regions, although classed as yellows, 
show’ Mongoloid features in a mudi less marked manner than is the case 
farllier north; probably they represent a blend with earlier Mediterra- 
neans. Farther south, in tlie Malay Peninsula and the East Indies, the 
characteristic Malay population*, while dominantly Mongoloid, show 
some indications of mixture with a preceding Metliterrancan “wave.” 
In various isolated group* m the East Indies (such as the Murut iwople 
of Borneo) these Metliterrancans have survivc<l in relatively pure form. 
Tliey lend to retain their primitive long heads and wavy hair, .allhouglj 
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showing some Mongoloid features and perhaps some Negroid admixture 
To these peoples the term Indonesian is applied As w ould be expected, 
these survivors are inland dwellers, with the more Mongoloid Malays oc 
cupj mg tlie coasts 

Polynesians — ^\e have, then, many indications of an early eastward 
“push ’ of the Mediterraneans into soutlieastern ^Vsia and beyond tlm 
into the East Indies But this was by no means the end of their migra 
tions in this direction 

The numerous island groups scattered over the open Pacific from Ha 
wail to New Zealand are known collectively as Polynesia, and their m 
habitants form tlie Polynesian race These tall, fine looking people are 
expert seamen, as thev must have been to have reached their isolated 
homes, and, although many cultural elements which we find m “civilized” 
groups are absent, these lacunae are mainly explicable m terms of the 
peculiar environment under which tliey live It is certain that they reached 
these islands from the west, probably m a senes of waves, of which some 
are of quite recent dale and are well recorded m Polynesian tradition 
Presumably their starting point lay somewhere m soutlieastern Asia or 
Indonesia but there is no trace of them today on the mainland and almost 
none along the island chains of Indonesia and Melanesia Very probably 
their migration route lay north of the ma}or islands, the inliabitants of 
the little islands of that region — the Marianas, Marshalls, etc , knowm 
collectively as Micronesia — appear to be somewhat allied to the Polyne 
sians 

Some racial admixture appears to be present in the Polynesians In their 
southern members, particularly the Alaons of New Zealand, there are 
suggestions that a Negroid strain was picked up during their travels 
There are more distmct indications of iMongoIoid blood, for the cheek 
bones tend to be prominent, the head shape, although v anable, is often 
brachycephalic, and body hair is scant But in most features, such as the 
bronn and navy’ hair, bronn skm, and brown eyes, it seems apparent 
that the Polynesians are essentially a far flung eastern branch of the 
Mediterranean stock 

The Ainus — The Mediterraneans, in the broad sense of a primitive 
long headed, wavy haired, brunet white stock, spread m early days to 
the northeast as well Most of the northern half of eastern Asia is filled 
with typical Mongoloids But there are long headed strains among vinous 
Siberian tribes to the far northeast, which suggests the early presence 
there of Mediterraneans More positive evidence is found in Japan, where 
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the Ainm are an archaic race of strong affinities with this type. Now few 
in number and restricted to parts of the bleak northern island of Yezo 
(Hokkaido), where they arc “preserved,” and fartlier north, in Saklialin, 
the Ainus appear to have once occupied all of Japan. The skulls tend to be 
dolichocephalic, the hair wavy and abundant (unusually so), tlie eyes 
brown, the skin a light broivn. These are features which suggest a rela- 
tionship to the brunet Mediterraneans or perhajis to some even older 
“white” strain (still another suggestion, founded on their hairiness, is 
that they are direct Australoid derivatives). Most of the Ainu traits are 
in marked contrast with those of their /isiatic neighbors. There is, how- 
ever, some suggestion of a bit of ^Mongolian blood in tlie prevalence of 
black hair and rather thickset bodies and prominent cheek bones. 

American longheads. — We have every reason to believe that long- 
headed brunets, essentially Mediterranean, passed still farther to the 
northeast to become early, perhaps the earliest, inhabitants of the Ameri- 
cas. The Indians are usually classified as a subdivision of tlie Mongoloids, 
and rightly so, it seems, as regards the majority of the population. Cut 
there are Indians and Indians. In many regions there arc groups which 
show few if any of the characters of typical Mongoloids and tend to have 
long heads, check bones less prominent than in typical Mongols, and other 
features suggesting tlio basic Mediterranean type. The earliest known In- 
dians of the Southw'cst, tlie basket-makers who preceded the present tribes 
of tljat region, are known to have been markedlj’ doJichoeephaJic; long- 
heads arc abundant among the Indians of tlie Amazon basin, and the 
Yahgans of far Tierra del Fuego are apparently of this type. Ev en in North 
America the eastern Indians, now nearly extinct, lacked a full ilongoloid 
development. 

Presumably the peopling of the Americas did not consist of a single mi- 
gration but of a scries of succcssixc waxes of invasion. The last immi- 
grants were definitely Mongoloid^ the earlier ones, howexer, appear to 
have been essentially ileditcrrancans (and there may even have been 
some still earlier comers representing Australoid types). iVs would be ex- 
pected, traces of these earlier settlers are to be found today mainly in 
areas far off the beaten track of later migralion.s. 

European Upper Paleolithic survivors. — In the last chapter we noien 
the presence in the Upper PalcoHlhio of Europe of men of our own species 
— mainly long-headed indixiduals — who show Utile of cither Negroid or 
Mongoloid features and hence might well be coitsidered while. \Ycre they 
early forenmners of .x weslwanl migratiou of Metliterraneans? Probably 



398 


THE VERTEBRATE STORY 


not m any direct sense A few of tliem were rather similar to the Mediter- 
raneans, but most, including the typical Cro Magnards, were quite tall, 
rather rugged specimens, contrasting sharply in many respects with the 
typical Mediterraneans, who are relatively small and less robust One 
possible explanation of their nature calls upon the evidence from Palestine 
which suggests an interbreeding between Neandertlial man and Homo 
sapiens Possibly the Upper Paleolithic men of western Europe do repre- 
sent a blend between early westward traveling Mediterraneans and Nean- 
derthals, with the sapiens strain dominant, the Neanderthal rauxture gi\- 
ing a touch of crudity to the skeleton 

Concerning the later history of Cro Magnon man and his contempo- 
raries, there is much speculation and little knowledge A touch of this 
blood mav persist in northern Africa, where Upper Paleolithic populations 
were numerous, and in the Canary Islands off the western shore of that 
continent the people show many features suggesting partial derivation of 
this ancient stock It seems reasonable to believe, however, tliat most of 
this population w ould hav e tended to drift northward as the Ice Age came 
to a close In the following Mesolithic cultural period skeletal remams 
which are suggestive of Upper Paleolithic types are found farther north 
along the European coast, as far as southern Scandinavia, and it is highly 
probable that a strain of Paleolithic blood may persist today in some 
northern regions This is especially the case in the British Isles particu- 
larly Ireland) northern Germany, and the Atlantic coast of Scandinavia, 
regions where otherwise the Nordic type is dominant Some of these 
“suspects, particularly m Norway, differ little from their Nordic neigh- 
bors except in a more massive build Others, especially m north Germany, 
tend toward darker hair and rounder beads, the latter perhaps inherited 
from the (relatively rare) brachycephalic members of the Upper Paleo 
hthic races 

Western migration of the Mediterraneans — Wiatever tlie nature of 
the Upper Paleolithic peoples, the true Mediterraneans spread westward 
at an early date, and widely As early as Mesolithic tunes these southern 
whites were present over a vast territory Tliey were present tlien m 
Palestine In Africa Mediterraneans which appear to be of this age are 
found not only in Egypt but far to the south, near the headwaters of the 
Nile To the west Alediterraneans had reached the shores of the Atlantic 
m Portugal By Neolithic days they were m possession of the entue 
Mediterranean region and had spread far to the north People who appear 
from their skeletons to have been Mediterraneans inhabited the Danube 
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basin and, in a somewhat taller phase, the plains farther north from the 
Rhine to southern Russia. Farther east, as well, the ilcilitcrruneans ap- 
pear to Jiave pushed north into the Eurasian steppes, for Neolithic skele- 
tons from Turkestan are of Mediterranean types. The Mediterraneans 
thus constitute the oldest known population of the Near East and were 
apparently the main factor in the peopling of Europe and northern Africa. 

The contributions of the Mediterranean peoples to tlie evolution of cul- 
ture cannot be overestimated. We ha\e noted that Neolitliic culture ap- 
pears to have originated in the Near East; this was an area inhabited by 
typical Mediterraneans. Tliey appear, further, to ha\e been the peoples 
w’ho carried this culture to Europe and westward along the Mediterranean 
and northward by various routes to the Danube and the nortlicrn plains — 
for almost everywhere the villages of the Neolithic settlers reveal skele- 
tons of this type. 

Linguistically, howev’cr, they arc of lesser historical importance. Many 
of tliem now speak Indo-European languages akin to those of other Euro- 
pean peoples. But this group of languages is not nativ'e to the Mediter- 
ranean world. Many Mediterraneans today speak Semitic languages, sucli 
as Arabian and Hebrew, or related **Hamitic’' African tongues, such as 
ancient Egyptian (and its modern Coptic derivative), and Berber. In addi- 
tion, however, it is strongly suspected that the older Mediterraneans pos- 
sessed still otlier languages, most traces of wliich hav'c been lost; Basque 
is a relic 

Present distribution of Mediterroneons. — Today tliis great racial group 
of darker, long-headed, southern whiles occupies a long strip of territory 
extending west from India to the AUautic. An eastern grouji, Irano- 
Afghans, rather tall and hook-nosed, occupies the plateaus and mountains 
of Persia and Afghanistan and extends northward into part of western 
Turkestan In Arabia are found lyincal Mediterraneans rather .shorter in 
stature; the basic JewLsh stock was of this type. While many Arabs .ire 
stationary, the Bedouin of song and story is a desert nomad w ilh a culture 
based on possession of camels and horses. Quite similar to the .Vr.ihs, but 
with broader faces .and less prominent noses are the native Egyptums; 
they are a people who, as shown by archcologic.d work, Isavc ch.vnged 
hardly at all for some 5,000 years. To the south, the general rc*gion of 
Ethiopia is characterized by races such as the Gallas and Somalis which 
are essentially Mediterraneans but with a Negro atlmixlure in many c.ises. 

In northern Afric.i west of Egypt the ^Iwlilerranean type also prevails 
but in a rather Uller ph.i.se. There is an overlay of coniiuoriiig .Vrabs, but 
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the older native population is that of the Berbers; quite in contrast with 
most Mediterraneans, many of the latter are still in an essentially Neo- 
lithic phase of culture, while others, the Tuaregs, have become camel- 
owning Saharan nomads. Shorter men, however, reappear in Spain, which 
is a nearly pure Mediterranean countiy, with bodily features closely com- 
parable to those seen in Arabia. 

North of the Mediterranean Sea tlie area once occupied by this race 
has been much restricted because of racial changes and the great increase, 
in relatively late times, of round-headed tyiies. In xVsia Minor the original 
population appears to have consisted of Mediterraneans with rather 
prominent noses, but they haw been swamped in great measure by brach- 
ycephahcs In Greece, however, there is still, as in classical times, a very 
large proportion of Mediterranean blood, and a pronounced Mediter- 
ranean strain is to be found from here northward tlirough the eastern 
Balkans to the Russian coasts of the Black Sea. 

Farther west the original Mediterranean population of Italy is still 
strongly represented in Sicily and the souUi of the peninsula; os we pro- 
gress northward, however, brach> cephalic types increase in proportion, 
and there is little trace of ^ledilcrrancans in northern Italy. This race lias 
left a strong impression on the populations of central and southern France, 
but the French are mainly brachyceplialic. 

In central and northern Europe this stock has almost completely dis- 
appeared, in its oiiginal form at least. In Great Britain the Neohtliic 
population was mainly one ol Mediterranean longheads, and there are still 
marked traces of them in the population of Wales and the west coast of 
Scotland Otherw’ise Mediterraneans in northern Europe are non-existent. 

Early Nordics. — The Mediterranean blood does survive in the north, 
but in a modified form, in the Nordics. Typical members of tJiis race, 
found in its purest form in Scandinavia and the east Baltic shores, are 
different in many respects from the typical Mediterraneans. They are 
tall, with light skin, hair which tends to be blond, and eyes which are blue 
or gray, in contrast to the browm of the Mediterraneans. But like that 
group they are essentially dolichocephalic, and there are no reasons why 
they cannot have evolved by a “bleaching-out” of early ^Mediterranean 
migrants to the North 

The prehistoric archeology of Europe furnishes much evidence which is 
in agreement with this theory, although of course the evidence from skele- 
tons cannot tell us anything of pigmentation. We have noted that the 
Neolithic Mediterraneans sent strong colonies north into central Europe 
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to the Danube basin and into Germany and tlic Russian plain. This %\as 
perhaps 5,000 years ago. A thousand years or so later bronze begins to be 
found in these areas. During the next millennium, the Bronze Age in this 
region, there were some cultural shifts and evidences of migrations, but 
essentially the same people seemed to have remained there. When the 
Iron Age arri%'ed, about 1000 b.c., historical evidence abundantly shows 
tliat the northern Europeans were Nordics, witli the blond features, blond 
hair, and blond eyes of the modem Nordic. They were not, however, im- 
migrants, as far as we can tell, but the descendants of the browner Neo- 
lithic Mediterraneans, who had arrived there several thousand years be- 
fore. Here, in central and nortliem Europe, it appears, occurred the loss 
of pigment ;vhich is characteristic of the Nordic group. 

Best-known centers of this early Iron Age Nordic race were soutliem 
Germany and the Danube bxisin. But even in early days the Nordics oc- 
cupied a much larger territory. To the west tlie Rlune Valley appears to 
have been tlieir approximate boundary. They spread far to the north, into 
Scandinavia, where southern Sweden became an important Nordic focus. 
Eastward, the steppes of south Russia appear to have been Nordic coun- 
try in Iron Age days. Tliere is also good evidence of the early presence of 
northern blonds in southern Siberia and western Turkestan — country now 
inliabited by Asiatics— and there is even evidence of Nordic penetration 
far to the east into the Tarim basin of central Asia. 

These early Nordics were not particularly progressive culturally. They 
adopted the use of iron with avidity and used it energetically (if perhaps 
soraew’hat bloodily). They were capable of agricultural pursuits but were 
never city-builders. They seem, on the contrary, to have been a rather 
restless race, and many, the more eastern groups particularly, were essen- 
tially nomadic, witli the horse an important clement in their activities. 

In another respect, however, the Nordics played an important role in 
later European culture, namely, as language-bearers. Today a great ma- 
jority of Europeans, as W'cll as Uicir overseas colonists and the people of 
Iran and large parts of India, speak languages of the Indo-European group. 
This great variety of tongues — from Gaelic and English on the west to 
Sanskrit and its modern derivatives in India — ^show’s many fundamental 
similarities which indicate that they had a common origin. There was at 
one time a tendency to assume that all sjieakcrs of these languages were 
racially similar, members of an “.Viyan” race (the name is dcrivcil from 
that of the Sanskrit-s|>eaking invaders of India), but this thesLs can no 
longer be maintained. 
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We can, however, reach witli considerable certainty some idea of the 
region in which this language group originated, using historical and hn 
guistic evidence Quite surely this was m the Great Plains region of Eu 
rope from eastern Germany and Poland eastward through southern Rus- 
sia This region, as we have just seen, is the center of the prchislonc 
Nordics Wc are thus justified m believing that tliese long headed north 
ern blonds were the originators as well as the disseminators of Indo Euro 
pean tongues 

Although the early Nordics were too barbarous to have left us written 
records archeology and histone accounts by more southern peoples can 
give us some idea of the distribution of the various Nordic groups a thou 
sand vears or so before Christ At that time much of the Danube region 
was occuincd by Nordics, generally termed Illyrians and Thracians, ratlier 
poorly known but important as the peoples who were probably respon 
sible, through invasion for the introduction of both Indo European lan- 
guages and a blond ruling caste into Italj and Greece The w estern Nordic 
territorv, roughly western Germany today, was occupied by tlie Celts 
To the north in southern Scandinavia, was the carl> Germanic center 
Southeast of this m Poland and tovvanl the Ukraine, were Nordics who 
spoke ancestral Slavic and tongues from which have descended Baltic 
languages such as Lithuanian 

Farther east in the stepjies of south Russia and western Asia, there is 
relatively little data, either archeological or Imtoncal, as to the early 
nomadic Nordics of these regions, but some general facts can be made out 
In early Greek davs the southern Russian pi am was occupied by the Scyth 
lans — trouser wearing horse riding nomads who were early users of the 
covered wagon They were apparently blond Nordics who later fused with 
other peoples and made little historical impression To the east of them, 
into \sia stretched other horse nomads, still more poorly known, who 
were apparently speakers of tongues now found m Iran and India 

Nordic migrations — These Nordics appear to have been rather restless 
and aggressive peoples About them mainly to the south, were wealthier 
and seemingly less warlike nations Given these circumstances, it is not 
unnatural that much of Nordic history has been one of movement, war, 
and invasion from early times down to the Viking raids of the early Alid 
die -Vges 

Some of the movements are essentially prehistoric, although often re 
corded by tradition Some took place during the Bronze Age, more at a 
later date when these barbarians had iron weapons and horses The Ar 
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yans moved south into India, as the Samkrlt records indicate, at about 
1400 B.C.; the Persians* southern movement into Iran appears to have 
been of about the same date, and the fact tliat an Indo-European language 
appears in the Hittite empire indicates an early wave of Nordics into 
Asia Minor. Farther west, too, there were early southern movements. As 
noted above, Nordics made their appearance in Greece and Italy in pre- 
historic times, and the Hyksos and “sea-peoples” who annoyed the Egyp- 
tians equally early were not improbably far-flung Nordics. 

Centuries later the Celts “erupted ” This group, then centered in 
southwestern Germany, was apparently not purely Nordic — a shade 
browner, a bit more round-headed than tlie true type. By about 500 b.c. 
they appear to have reached a flourishing condition and began to expand. 
This expansion went in various directions — east as far as <tsia Alinor, 
where Galatia received its name from Gaulish invaders, south into Italy 
to conquer tlie Po Valley and sack Rome. Mainly, however, they moved 
westward, where tlic Gauls dominated France in Caesar's day, and on 
into Spain and the British Isles, which had become essentially a Celtic 
land when invaded by the Homans 

Then followed the tribal wanderings of tlic German ])coples, most of 
which look place in the full light of history. As has been said, Uie early 
Germans centered in southern Scandinavia. From that area came se\ cral 
prominent groups which broke into the Roman Erapire~-the Burgundiams 
and the Gotlis, who first wandered souUicast to tlic Russian plains and 
then, in two divisions, west to Italy and Spain; and the Vandals, wJio even 
reached Africa, leaving on their route such destruction as to give rise to 
the term “vandalism.” Other German tribes followed the westward move- 
ments of the Celts to make Germany German for the first time. To the 
west the Franks extended into Gaul to giv'e their name to modem France. 
Anglo-Saxons, Germans from the North Sea Coast, crossed to Great 
Britain. And for many centuries aftcrwanl the Vikings from the Scandina- 
vian fioitls plied the seas, making their greatest influence on the British 
Isles, but wandering south to Africa and llic Metlilerranean and on the 
west venturing to Iceland, Greenland, and even “Vinland.” 

Lost of all Nordic dispersals was Uiat of the Slavs. This, however, ha<I 
a curious history. The Slavs were originally Nonlics who appear to have 
had their homes in the forests and raarsUcs lying northeast of the Carpa- 
thians in southeastern I’oland and the adiacenl j)art of the Ukraine. There 
Uvey remained — obscure and relatively undislurbetl— until most of the 
great racial movements were ov'cr. Then, beginning about 500 .v.n., began 
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an expansion which earned Slavic languages far and wide To the south 
such languages are spoken in much of tlie Balkans To tlie west the Slavs 
reached Bohemia and at one time penetrated Germany as far west as Ber 
Im and Saxony To the northeast they spread over much of modern Hus 
sia, driving Finnish tribes before them, and today Slav speaking immi 
grants are playing an increasingly important part m northern -Vsia 
But this has been a conquest of language, not of race As we have noted, 
the Slavs were originally long headed Nordics Today relatively few 
speakers of Slavic tongues are longheads The primitive Slav blood has 
been submerged by brachycephahe races 

The present distribution of Nordics is far more limited than our recital 
of their conquests w ould suggest Today their mam center is close to the 
original Germanic home In pure form they are mainly concentrated m 
eastern Norway central and southern Sweden, Finland, and the little 
Baltic States while the Low Countries and Great Britain also show a 
large percentage of Nordic types Outside of these districts Nordic blood 
tends to be rare In coastal Norway, Denmark and northern Germany the 
Nordic strain is clearly seen in the predominantly blond types encoun 
tered but we are dealing with a blended people with more brachycephahe 
skulls — the squareheads of popular terminology There are still moderate 
amounts of Nordic blood present in central Russia Saxony, Austria, and 
parts of Switzerland and northern France Elsewhere, however, m all tlie 
Mediterranean region and in Asia, the Nordic is almost non existent 
The Nordic has been of interest Imguisticallv and as a Bghter but is not 
particularly remarkable m other fields of activity Despite this, there 
tended to grow up a great cult of worship of the Nordic, the essence of 
which is seen in Hilaire Belloc s verses 

Behold my child the Nordic man 
tnd be as like him as you can 
His legs are long — his mind is slow 
His hair is lank and made of tow 

\nd here we have the Alpine race 
Oh ' W hat a broad and brutal face 
His skin IS of a dirty yellow 
He IS a most unpleasant fellow 

The most degradmg of them all 
Mediterranean we call 
His hair is ensp and even curls 
And he is saucy with the girls 
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It is amusing that the center of Ibis Nordic worship has been Germany, 
in which, as we have seen, true Nordics are relatively rare. It may be 
noted, however, that emphasis in the Nazi period shifted from Nordic 
to Aryan. Since this shift was from a racial term to one associated instead 
with speech or culture, we need not, as biologists, be furtlier concerned 
with it here. 

ALPINES 

The races so far considered have been, almost witjiout exception, long- 
headed. A final major event in the evolution of man would seem to have 
been the appearance of brachycephalic skulls. That this event was a rela- 
tively late one is suggested on grounds botli of distribution and of arche- 
ology. A map of the distribution of head shapes in the Old ^YorId today 
shows that broadheads are overwhelmingly preponderant in central and 
eastern Asia and in eastern and central Europe: tlic longheads dominate 
in the "pendant" southern continents of Africa and Australia but in 
Eurasia are found only about the peripheries of that continental mass. 
This strongly suggests that brachycephaly is a relatively new human fea- 
ture, the bearers of winch have spread until the longheads have been 
forced out into marginal regions. Archeologically our evidence is monger, 
apart from Europe, but the record there seems to agree willi this conclu- 
sion. Roundheads, os we have seen, are very rare there in the Upper 
Paleolithic, not common until the Bronze Age, and have but recently at- 
tained their present dominance. 

The roundheads are generally regarded as sharply divided into two 
groups. The western European members arc usually regarded as whites, 
closely related to Mediterraneans and Nordics; the eastern brachycephal- 
ics, on the other hand, are tlie typical Mongoloids. We find, however, that 
along tlie borders of Asia and Europe there are types of roundheads which 
are essentially "neutral," which do not appear to be mixtures, and yet are 
hard to classify as cither Europeans or as true iNIongoIoids. Nevertheless, 
the histories of these two types have been in the main discrete, and wc 
may for convenience treat of tlicm separately, beginning with the western 
roundheads, to whom the term "Alpine," in a broad sense. Is generally ap- 
plied. The name is due to an interesting fact of distribution. Excluding for 
Uie time being tlie Russian area, most of tlie European broadheads tcnil 
to cluster along a line running from Franco cast along tlie Alps, down the 
chains of the Balkans, and on east into the mountains of ,Lsia Minor. 
These roundheads have thus been situated during historic times in an 
oast-to-west zone between the Mediterraneans and the Nordics on the 
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other side of the Alps Even if originally a “pure” race, it is obvious that, 
m close apposition with other types to the north and south, they might 
readily have mixed with them and taken on characters of their neighbors 
This apparently has occurred, and there is little we can say of features 
common to all Alpines, except for the brachycephalic condition and the 
probability that they have been, in general, types of moderately broun 
pigmentation 

Alpines of western Europe — ^A large proportion of the population of 
France is essentially Alpine The typical Frenchman of this type is a 
short sturdy individual, with a broad face and short nose, a round head, 
and a moderately brown complexion Such types are found farther east 
along the Alpine mountain ranges, but relatively rarely Most of the rest of 
this region is occupied by roundheads whose physical makeup appears to 
have been modified in various regards through the influence of neighboring 
populations One such group is found north of the Alps in Bavaria, Bohe- 
mia, and the Saxon region of Germany, where a prominent type among tlie 
inhabitants is a round headed blood Presumably these people represent 
a cross between the Alpines and the Nordics which once peopled tins re- 
gion This race has been termed “None,” after the name of an old Roman 
province in this region, Noncum 

Dinancs — More important is a section of the Alpine peoples whose 
center of distribution lies in the eastern Alps — from east Switzerland 
through the Tyrol and south through Yugoslavia to Albania Tiiese moun- 
taineers are the Dmarics — tall and rather brownish men with prominent 
faces and noses They appear to carry a considerable amount of Mediter- 
ranean blood Beyond the mountains they extend to the northeast, where 
they are prominent in the Hungarian region, while to the south they are 
the major stock m the Po Valley and have introduced a considerable 
brachycephalic strain into Italy as a whole 

Armenoids — Eastward beyond the Bosphorus there are strong Dmaric 
influences in the dominantly brown and round headed populations of 
Asia Minor and Syria Here, however, we find an admixture of a further 
related brachycephalic racial type, the Armenoid, so called because it is 
found in its purest state in the territory of that harried race, the Arme- 
nians The Armenoids are similar to their Dmaric relatives but tend to be 
a bit darker and with a still more prominent face and the large convex nose 
common m the Levant Beyond Armenia the Alpine occupation of the 
highland chain ceases, but there appear to be traces of typical Alpines still 
farther east, m Turkestan 



HUJIAN R.\CES 


m 


Alpine origins. — The origin of Uiese Alpines is a question to which we 
have as yet no thoroughly satisfactory solution. Archeology, as far as tlie 
facts go, indicates, as said above, that roundheads were rare in these re- 
gions in early prehistoric times, with a continued and accelerated increase 
in tlieir numbers in later periods of history, particularly during the 
Bronze Age. Can they simply have evolved on tlie spot by a gradual 
change of head shape in the old Mediterranean populations.^ Possibly, 
but it is difficult to see why such a shift should have occurred only in this 
one region. The striplike distribution, combined with the enormous in- 
creases in Alpine numbers in later times, suggests invasions of bracliy- 
ceplialics from the east along the mountain belt. But the evidence shows 
no indication of major movements of tins sort. Possibly tlie truth may lie 
between these extremes. There may have been a certain amount of cast- 
to-west migration from time to time, bringing in a relatively modest 
amount of roundheads who frequently interbred with their neighbors, 
particularly the ^leditcrraneans. It is possible — although incapable of 
proof— tliat the great increase in numbers of brachyccphalics has been 
due not to great original numbers but to greater fecundity and to a domi- 
nance of roundheadedness in racial crosses. 

East European roundheads. — But the Alpines of tlie Alpine strip just 
discussed are not tlie only round-headed peoples of Europe. In northwest- 
ern Europe, m the general Nordic area, we have already noted the pres- 
ence of brachycephalic types which, it has been suggested, may represent 
the survival of very early roundheads More important is the situation 
in eastern Europe. TIjere, particularly in Poland and mast of Bussia, we 
find the peasants to be a nearly uniform type of individual. Tliey are 
round-headed, short and stocky, as arc many Alpines. But they lend to 
have broad faces, low* short noses, hair which tends to be straight and 
coarse — rather suggestive of more eastern jjcoples. And finally, as in Nor- 
dics, skin, eyes, and hair lend to be light in color. No generally acccptcil 
term for this race c.xists. One usually thinks of them as the characteristic 
Slavs; but tliis is a linguistic rather than a racial term, and we have al- 
ready noted that tlie original Sfav-speakers were Nordics. East European 
is a more non-committal and more useful tcrni. 

The characters of this race suggest that It has been formed by a fusion 
of two types. One presumably was Uiat of tljc Nordics, who formerly in- 
habited much of this region and supplied both blond complevioa and lan- 
guage. Tlic second was presumably a brachycephalic race willi charac- 
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ters not as markedly European as in Alpines and hence very probably 
from some more easterly homeland 
Turanians — Along the boundaries of Asia and Europe, particularly m 
uest Turkestan betv\een the Caspian and the mountains of centra! Asia, 
Uiere are found today various racial groups to which the terms luranians 
or Turco Tartars are often applied lliesc are round headed people, 
typically with short broad bodies, broad faces, reduced noses, and straight 
hair as m Mongoloids But the more marked "Mongoloid features are ab- 
sent, and the general brown pigmentation suggests comparison rather 
with western brachyccplnhcs It may be that in some cases tins type has 
resulted from a cross between Mongoloids and Alpines, but certain of 
these people do not suggest a muxed heritage Not improbably vre 
are dealing here with a central, halfway group of roundheads in the center 
of tlie area of origin of brachj cephalic men who have never possessed the 
more specialized features of cither eastern or western varieties of the 
roundheads 

One may reasonably believe that the people who have contributed the 
brachycephahe element to the eastern European race were members of 
this general group who spread westward In tins general category, too, 
may be placed the little Lapps of northern Scandinavia who arc known 
to have reached their Arctic home os llic result of a long migration from 
the western Asiatic steppes 


MONCOLOIDS 

The vast majority of the mhabilanU of eastern ^ksia and of the Amer 
icas (before European settlement) arc generally grouped as Mongoloids, 
mcludmg the yellow and red races of popular classification In its moat 
characteristic development the Mongoloid physical tvjie is readily recog 
nizable The skull is brach> cephalic, the face broad but flat, with promi 
nent cheek bones, the nose small, the body stockily built The skin lias a 
yellowish tinge, which may verge on brown, the eyes are dark m color 
Hair IS long and abundant on the head, but beard and body hair is poorly 
developed, and the hair tends to be notably coarse and straight A special 
ization frequently seen is that of tlie eye opening, which is a slanting slit 
with a characteristic fold covering the upper eyelid 
As has been noted the geographic distribution suggests that tlie Mon 
goloids are a relatively recent group, but we have little archeological evi 
dence as yet concemmg their racial history, and their classification into 
subgroups IS stiU imperfectly worked out 
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Mongolia and eastern Siberia are regions in Tvhich Mongoloid charac- 
ters are seen most highly developed. It is suggested that some of the more 
striking Mongoloid features have emerged as adaptations to the intensely 
cold climate of eastern Siberia, but these peoples do 'well in any area. The 
Mongoloids of northeastern Siberia are hunting and fishing tribes. To llie 
west of them are nomads — Yakuts and Samoyeds — with reindeer herds. 
We have noted that in earlier days the western Asiatic steppes appear to 
have been largely populated by blond Nordics. Today much of this terri- 
tory has been taken over by Mongoloids. Like the more westerly wiiite 
nomads, the steppe Mongoloids took to horseback and made forays not 
only south into China but westward; the Huns and the Mongols are names 
familiar as western invaders. In west-central Asia Mongoloids have re- 
placed European types to a considerable degree, but, except for a minor 
Mongoloid element in Russia, these orientals have had little influence on 
the population of the Western world. 

Most of the peoples of eastern Asia are to be classlfled as Mongoloidst 
but the more characteristic features of this group become less prominent 
os one goes soutliward through China. There are, os w'os noted earlier, 
many peoples in southeastern Asia, brown skinned and usually of small 
stature, such as the Cambodians, Siamese, and Burmese, who arc difla* 
cult to classify and seem to partake of both Mediterranean and Mongo- 
loid characteristics. Possibly they may represent mkturcs of Uie two; but 
equally possibly it may be that they have come from ancestors in which 
the full complement of Mongoloid features had never developed. In this 
region the Mongoloid type is best dev eloped in the Malays, who differ from 
their northern relatives in their still shorter stature and browner skin. 
They are the typical inhabitants of the Alalay Peninsula and Indonesia — ■ 
that is, the East Indies short of New Guinea. If the Ideas of racial his- 
tory discussed in earlier pages arc correct, Australoid and Negroid peoples 
must once have been present in Indonesia; but except for a few Pygmies, 
all tr.aces of earlier populations have vanished with tlie spread of the Ma- 
lays here. Variants of the Mahay type extend along the Ulaiids fringing the 
eastern coast of /Vsia, to the PhOippines and Formosa; tlie Japanese arc 
fairly recent arrivals in their islands and appear to have a large amount 
of Alalay blood. 

In the sphere of cultural achicv'cmcnts the ihsiatlc Mongoloids have 
been exceeded only by the Mediterraneans; for while this group includes 
many a tribe of hunters, fishers, and pastoral nomads, Uic Chinese and 
other soutliern groups advanced far in civilization, and recent decades 
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have shown eastern ^Vsiatics to be readily capable of adapting modern 
technology to their own needs And although it appears to have been the 
Mediterraneans who were responsible for the development of Neolithic 
culture in the Western World, the Mongoloids of southeastern Asia ap- 
pear to have developed, in parallel, a second early type of agricultural life 
suitable to more tropical regions, with >ams, taro, and later, rice as the 
staples rather than the wheat and barley of the west 

American Indians — It was suggested earlier that Mediterraneans may 
have been early invaders of the Americas However that may be, the 
great majority of the native American population is of Mongoloid descent 
In most American Indians many of the characters are those of the true 
Mongoloid, such as the brachycephahe head, prominent check bones, the 
color, form, and distribution of the hair There are, however, some differ- 
ences from the Mongoloid pattern, the skm has more of a browmish or 
reddish tint the nose, m shar|) contrast to the typical Mongoloid, is fre- 
quentlv high bridged and convex:, and there is seldom any marked trace 
of the Mongolian fold of the eyelid 

It IS probable that the Mongoloid invasion included a number of succes- 
sive waves traveling down from Alaska, spreading out over the two Amcr 
icas, and blending witli earlier migrants In agreement with this, we have 
seen that traces of older stocks are most frequently off the mam raigra- 
tional tracks, while, on the other hand, certain Indian tribes of western 
North America show fairly close physical and even linguistic similarities 
to some Siberian tribes But on the whole there are few traces among 
American Indians of the more specialized Mongoloid features (such as 
the eve fold) which are prominent today along the migration route m 
eastern Siberia, so that it is probable that much of the immigration took 
place manv thousands of years ago 

Our usual conceptions of Indian build are based on the type seen m the 
western tribes of pioneer davs, the “noble redskin" as portrayed on tlie 
nickel — tall, powerful, copper colored, with craggy features and pronii 
nent nose But from this there are variants so numerous that we shall 
mention onlv a few In Central America, for example, the descendants of 
the Indians who were responsible for Mayan culture are much shorter in 
stature, the features much less rugged The forest Indians of South Ameri- 
ca tend to differ still more, the skin tends to be darker, the nose short, the 
head tends to retain a dolichocephalic contour, the hair sometimes is per- 
sistently wavy rather than straight 

Altliough manj groups of Indians, such as Jlayas, Aztecs, and Incas, 
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certain North American Indian groups 
Lovxr right, aJdaliy The Malays show 
only partial Mongoloid characteristics 
and are to some extent similar to the 
“dark white' Mediterraneans Lower 
left, a Visa3aii girl from the Philippines 
The Visayans are typical Filipmos, re 
lated to the ^Iala>s and. on the other 
hand, show mg resemblances to the Japa- 
nese, in whom a strong Malayan strain 
exists (Mongolian and Visayan cour- 
tesy American Museum of Natural His- 
tory, New York, Malay and Cbuckchi 
courtesy Peabody S£useum, l£ar>’ard 
University ) 





Amsrican Mongeloidt Left, Black Heart, a 
BlacUoot Indian Lower left, a group of Ona 
Indians from Tierra del Fuego, at the south- 
ernmost extremity of South America This is a 
tribe in a low stage of culture and now nearly 
extinct These men ate characterized by unu- 
sual height A windbreak of hides was a usual 
shelter They were expert archers, their mam 
food supply was the guanaco (a wild relative 
of the llama) Below, a hlamayauk Eskimo 
girl from Langton Bay (on the Arctic Ocean 
east of the hlackenzie liner) (Photographs 
courtesy American Museum of Natural Uis> 
lory. New York ) 
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had reached a moderately liJgh degree of civilisation before being harassed 
by Europeans, it seems fairly sure that relatively little cultural equipment 
was brought into this hembphere by tlie various Indians in migrations. 
Some — as the tribes of California and the Great Basin, of part of the 
Amazon basin, and of far Patagonia — were still purely hunters or food- 
gatlierers when first encountered. Most groups had become more or less 
agriculturalists, but except for the dog, such few animals as were domesti- 
cated w’ere American forms, and so also (with a few debatable exceptions) 
were the domestic plants, many of them promptly adopted into European 
culture. This suggests that the settlers had been derived from Mesolithic 
or even Upper Paleolithic ancestors; however, it may be pointed out that 
little in the way of advanced culture could have survived long tribal jour- 
neys througli the subarctic regions of Siberia and Alaska. 

Eskimos. — Sharply marked-off from the normal Indian types are the 
Eskimos, who are widespread along the northern lands from the north- 
eastern tip of Asia through nortliem Alaska and the Arctic shores and 
islands of Canada to Labrador and Greenland. Physically they are closer 
to the Old ^Yo^ld iSIongoloids than the typical Indians but have one 
notable peculiarity — a remarkably narrow head. Their culture is a highly 
specialized one, admirably fitting tlicm to live in cold northern climates, 
where they make a living primarily by catching seals and other forms of 
marine life. Their history Is not well known, but there appear to be some 
close relatives among northern Siberian tribes. Proliably they migratc<l 
to tlie Americas later than most, If not all, of Uic true Indians and s]>rcad 
eastward along the Arctic coasts wltliin the last ten tliousand years. 
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A Synoptic Classification 
of Chordates 

In thebnef classification belon of lliesertebrates (and their loivercbordatc 
relatt\es} a number of mmor groups base been omitted and subdivisions of major groups 
have been made only where necessary for the purposes of the present volume 

StlDPUVLlIM HemICUOBDATA 

(little or no development of notochord or dorsal nerv e coni) 

Class PTEBODOANCiiu 

(simple sessile colonial plantlikc animab gatlienng food by cihalcd arms ) 
Class £nteropk£UBTa 

(aorm shaped burroners ailh weIl*developed gill apparatus—Uie acorn norms) 
SuopiirLini 6’RocnoitDATA 

(tunicates with notochord and nerve cord well developed m larvae in many 
cases but sessile or floating when adult consutmg mainly of 
au elaborate gill apparatus) 

SUBFIiYLUM CCFIIALOCilOllOATA 
{imph\oxua with notochord nerve cord and gill apparatus all 
well developed m tl e adult stage) 

SUBPIIYLVSI \ EmCBRATA 

(generally dcveloj cd backbones and other advanced structural features 
cliaractcnslic of (rue vertebrates) 

Class Vcnvtua (jawless vertebrates) 

OaoERs OsTEOsmict V^ASPlDt llETERosTiLVci (ostracodenos of Ihe Silurian and 
Devonian periods) 

Order CvcLOSTOiiATA (living c) closlomcs) 

Sldouder Myxivoioev (haglisbes) 

SuBouoEK Petkomizontia (lamprevs) 

US 
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Class Pucoderui (Paleozoic janed vertebrates) 

Order Acanthodii (spiny sharks) 

Order Artiirodira (arthrodircs, jointed necked fishes) 

Order AvriARciit (related to arthrodircs, but witli peculiar bony “arms”) 

Order Macropetauchtiiyida 

Order STEGosELACiiti (Tlie last t>^o orders are modified arthrodire relatives winch are 
suspected of being transitional, with reduction of bony armor, to Ute sbarklike 
fishes ) 

Class Ciiovdriciitiiier (cartilaginous fishes) 

Subclass ELASsiODRAVcmi (sharks and related forms) 

Order Cladoselaciiii (primitive Paleozoic sharks) 

Order Selaciiii (tj*pica! sharks, Paleozoic to Recent, with claspers, narrow based 
fins) 

Order Ratoidea (skates and rajs) 

Subclass Holocepilali (diffenng from sharks in having a gill covenng, upper jaws fused 
to skull) 

Order Br-vdyodovti (Paleozoic forms poorly known, mainly represented by tooth 
plates) 

Order Ciumerab (chimeras) 

Class OsTEtciiTllYSs (higher boo> fishes) 

Subclass Actinopteryok (ray firmed fishes) 

Suferorder CitovDROsTEt (primitive ray finned fishes, with heteroccrcal tails, repre> 
seated by fossil paleoniscoids, mamly Paleozoic, and three modem tj'pes PotypUrxu, 
the sturgeons and the paddlefish) 

ScPERORDER HoLOSTEi (dominant ray finned forms of the Mesozoic, with abbreviate 
heterocercal tads living forms mclude the gar pike and dmia the ‘bow fin’) 
Superorder Teleostei (dommanl fishes of Cenozoic and Recent times, with a homo- 
cercal tad many thousands of forms classed m a number of orders) 

Subclass SARCoPTERYcn (Choaniciitiiyes) (with fieshy fins and usuallj, internal nos* 
trds) 

Order CRossoPTERTcn (broadly ancestral to land v ertebrates, mamly Paleozoic fos* 
sds one aberrant living form) 

Order Dipnoi (lungfishes, including three living genera many similarities to ances 
tral tj^ies, but aberrant in teeth skulls) 

Class Auphibla (tetrapods but without amniote of egg) 

Subclass Apsidospondyu (vertebral centra pnmitively formed by distinct blocks of bone 
or cartdage) 

Sdpeborder Labtrinthodovita (stem amphibians eztmct, but dominant m late Pale* 
ozoic and Tnasstc times many dozens of fossd genera, arranged in sev eral orders) 
Superorder Salievtia 

Order Anura (frogs toads living fonnshavehighly specialized limbsand shortened 
trunks vertebrae much modified) 
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Subclass Lepos^ndyu (\ ertebral ccnlra formed as single structures, often spool shaped) 
Orders Aistopoda, Nectridia, HIiCBObAEBiA Chite Paleozoic fossils, tlie last perhaps 
ancestral to two livmg orders) 

Order Urodela (salamanders and nenta. t^'pical body form but many degenerate 
characters) 

Order Apoda (or GnivoPiriosA) (normliLe. burroniog tsTies) 

Class Reptiua 

(amniotcs. but without advanced avuui or mammalian characters) 

Subclass Anapsida (without temporal opening) 

Order Cotylosauria (archaic **stem reptiles” of the late Paleozoic and Tnassic) 
Order Chelovu, Testuduvata (turtles) 

Subclass Euryvpsida (extinct groups, single temporal opening) 

Order Protorosauria (various obscure Penman and Alesozoic reptiles) 

Order Sauropterycia (plesiosaurs and their relatives marme Mesozoic reptiles, 
with limbs transformed into povierfu) paddles) 

Subclass Iciituyqpterycu 

Order Ickthtosaurla (ichth)osaurs. highly specialued for marine life) 

Subclass Lepidosauria (“dupsid"— two-arched temporal region, without arcliosaur 
specializations) 

Order Eqsuchu (Permian and Tnassic ancestral diapsids) 

Order Rt{T^cuocEPItALlA (living Sphenoden of New Zealand fossil relatives) 
Order Squauata (lizards and snakes temporal arciies reduced) 

Subclass Archosauria (“ruling reptiles”, diapsid temporal region, w lUi specializations 
tending toward bipedal life) 

Order Tkecooovtla (Tnassic ancestors of dinosaurs birds and otiiers) 

Order Csocooilia (crocodiles and a^hgatofs, degenerate anij^uhums andiosaor 
survivors) 

Order Pyerosaurla (extinct Byiog reptiles, membrane wmg) 

Order SAVmsciiiA (“reptile like” dinosaurs, with triradiate pelvis, carnivores and 
large amphibious forms) 

Order Ornituischia Cbirdlike” dmosaurs. with telraradiate pelvis, herbivorous, 
bipeds includmg duckbills and armored and homed quadrupeds) 

Subclass Synapsida (lateral temporal opening, forms Icadmg to mammals, extmet) 
Order Pelycosaublv (primitive Permian mammal like reptiles, close to stem 
reptiles) 

Order TiiEiiAPSiDA (adv anced mammal like forms of late Penman and T nassic) 
Class A>b> 

(birds — archosaur descendants, with feathers, temperature control) 

Subclass \kci<a£orm7JI£s (Jurassic fossil birds, many reptilian cliaracters) 

Slbclass Neormthes (“modernized” birds) 

Slperohdeh OoovrocsATiiAE (tootiied birds of the Cretaceous) 

ScPERORDER Palveoosatiiae (mamly ostncli like birds, or ratites,reiativel> pnmitive) 
Scperoroer Xcounatkac (all remaining buds, many ordera, similar anatomy) 
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Cuss ATammaua (hair nursing habit brain of advanced tjpe) 

Subclass Prototiieria (egg lading mammals) 

Order Mo^oTREilATA (platiTius and spiny antcatcr — \ustralia) 

Subclass Tiieria (live bearing) 

IhFRACL.vbS AND ORDER pAVTOTiiERiA (small Jurassic mammals probably ancestral to 
remaining groups there are tn o furtlicr Jurassic orders of obscure relationships) 
Infiuclass \LLOTiiERtA Order 'NIultituderculata (extinct group of primitive but 
aberrant mammals perhaps comparable in habits to later rodents — Jurassic to 
Eocene) 

IstRACLASs Metatheria Ordeu MARsupfAUA (pouclicd oiammals such as opossum 
and many Australian t>pes 3 oung bom alive but at immature stage) 

IvFRACLASs Eutiieria (higher mammals with an etBcient placenta) 

Order I^sECTIVORA (ancestral placentaU and modem descendants such as shrews 
moles hedgehog) 

Order Ciiiroptera (hats) 

Order Primates (arboreal otTshoot of primitive placental stock) 

Suborder Lbmuroidea (tree shrews lemurs) 

Suborder Tarsioidev (Tarstus and extinct relatives transitional between lemurs 
and monkejs) 

Suborder Vntiiropoioea (monkeys apes man) 

Imraoroer Platyrriilvi (South American monkeys with nostnU openiog 
sidew ay s) 

I'amily Ilapalidae (marmosets) 

Family Ccbidac (typical South American monkeys) 

Isfraoroer Cat^rrrcsi (Ofd lAorld monkeys apes man nostnis open down 
ward) 

Family Cercopilhccidae (Old World monkeys) 

Family Simiidae (manlike apes) 

Family Hominidae (man) 

Order Carnivora (carnivores) 

Suborder Creodonta (extinct archaic carnivores) 

Suborder Fissipedia (modem land carnivores) 

Ixfraorder Eucreodi (extmet ancestors of modern types) 

Infraorder Arctoioea (dogs and relatives) 

Family ^lustel dae (primitive weasels skunks badgers otters and so on) 
lamily Canidae (dogs wolves foxes) 

Family Frocyonidae (raccoons pandas kinkayous) 

Family Ursidae (bears) 

Infraorder \eluroidea (cals and relatives) 

Family \iverridae (civets mongoose and the like primitive Old World 
aeluroids) 

Family Hyaenidae (hyenas) 

Family Felidae (cats lions tigers) 

Suborder Pivnipedia (marine carnivores — seals sea lion walrus) 
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Obdeb CoNDiUBTJiKA (primitive cxtujct un^latcs) 

Orders Amblipodv, Dinocerata, Embrithopodv. AhTR.\POTiiERiA, Litopterna 
Notoungulata (extinct orders ungulates, mainly of archaic character, the last 
three characteristic of South America) 

Order Perissodactyla (odd toed ungulates) 

Family Equidae (horses, asses, zebras) 

Family Titanotberiidae (titanotheres — large, ungainly, homed foasil forms) 
Family Chalicothcnidae (extinct forms related to the last two, hut ivilh clan«, 
not hoofs) 

Family Tapindae (tapirs) 

Family Rhinucerotidac (rhinoceroses) 

Order Artiodactyia (even toed ungulates) 

Suborder Paeaeodonta (earliest, most pnmiliv c fossil artiodact) Is) 

StmoRDER SurVA (relatively primitive Ijiies, with simple stomachs and simply 
built teeth, including the following living families as well as several extinct ones) 
hamily Suidae (pigs of the Old >\orld) 

Family Dicotyhdae (peccaries of the New World) 

Family llippopotamidae (hippopotamus) 

Suborder Ruxinantia (cud cliewers, with complex stomach, crescent sliapcd 
tooth cusps) 

Infraokoer Tylofooa (primitive cud cheners, including, m addition to carl> 
extinct families) 

Family Camclidae (camels, llamas) 

Family Oreodonlidac (oreodons. short>icgged ruminants, ahundanl in N’urth 
Imencan fossil deposits) 

Iafiuordeb Pecora (advanced ruminanls, nio5j)> with horns or antlers, in- 
cluding, besides extinct forms) 

Family Tragulidac (clievrotaiiis — tin>, hornless, deerhke ammaU of the 
tropical Old W or(d) 

Family Cerv idac (the deer tribe) 

Family Giraifidac (giralTe and okapi of \frira) 

Family AntiJocapridoe (Ampncaii pronghorn) > 

Family Bovidae (cattle family — mainly Old World forms, including hisou, 
sheep, goats, numerous types of antelopes) 

Order Uvracoidea (conics of Vfnea and S>na, rabbit like ui habits but actually 
subungulate along with next two ordcra — related, and proliab!^ of African origin) 
Order PROBo^^IDEA (elcpluuts and fo»il relatives, mammoths and mastodons) 
Order Siuesia tsca cows — manatee and dugong, an aquatic olTsliool of an ungulate 
stock) 

Order Cetace-v (whales) 

Slborder Arciiaeoceti (extwet ancestral whales) 

Suborder OocvrocETt (louUicd wlialcs. ]>urpuiscs, dolpliiiis) 

Soiiohdeu Mysticeti (whalebone whales) 
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Order Edentata ( toothless mammals Soutli America) 

Suborder Pilosa (hairy edentates) 

Infraorder Gravicrada (extinct ground sloths) 

Infraorder Iardigrada Family Bradypodidse (tree sIoUis) 

Infraorder Veruzungua lamily Hyrmccophag dae (South American ant 
eaters) 

Suborder Lorzcata (armored edentates) 
lamily Dasypodidae (armadillos) 

Family Glyptodontidae (extinct g ant gtyptodonts) 

Order Todulidentata (aard\ark of Vfrica — an anteater but not related to tl e 
preced ng orders) 

Order Pholidota (tl e Old World pangolin — an anteater but not closely related to 
the last order) 

Order Rodevtia (gnawing animals — except rabbit group) 

Suborder Sciuromorpiia (squirrels gophers woodchuck beaver and others) 
Suborder CA\tAMORPiiA (gumea pg and mfln> other South American rodents 
tmencan porcupines) 

Suborder AIyomorpua (rats mice) 

Order Lagouorpua (hares rabbits — gnawing forms but not closely related to the 
last order) 
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Amblj'poda, 417 
Amblj/iioma, 93-2 
Amcnca, early man in, 371-76 
Amid. CD. 414, 65-2 
AmmaJf/Us, 78 
Amniote egg, 132-36 


Amphibia, 36, 87-101, 414-15 
ancestry of, 93 

ennirasl mth £.<ib anceslnn^ 90-92 
life-history of, 8&-90 
locomotion of, 90 
m^ern groups of, 07-101 
older forms of, 90*97, 8-2, OS-I 
Amphibious dinosaurs, 100-94, lSS-2 
Ampkuuvt, 25-26, 413, 88-2 
Ampbisbaemds, 165-66, ICd-J 
AmjAiuma, 98-2 
Aflobfrps, C8-8 
Anaconda, 2C$-2 
Anapsid rrpUles, 142, 415 
Anaspida, 4)3 

Ancestry of ^erteb^ales, 31-34 
Angelfisbes, 53 
Angius, 262-2 
Anglers, 77, 78, 80 
Aniylosounir, 196 

Annelid worms, relation of, to vertebrate an- 
cestrj, 31-33 
Anoa, 277 
Aooles, 162, 100-2 
Ansenformes, 207-8 
Antbirds, 215 
Antcaten, 418 

Old Work!, 307-8. 302-2,300-1 
South American, 305, 300-2 
spiny, 228, 416, 232-1 
Antelopes, 276-77, 417, 2'0-2, 978-/ 

Amencao, 275, 417, 270-1 
AnUiracothercs. 2C8 
Anthropoidea, 317, 416 
VaUarchs, 18, 19. Ill 
AnUlocapndae, 117 
Aatloi, of deer, 272-73 
Anura, 411 

Apea. manlike. 322-27, 116, 32i-2, 322-3, 322-2, 
526-/. 320-2 
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Apoila, 100, 415. 55-4 
Apsido‘ii)ond>li, 414 
;Vrabs, 390 

Aradinids relation of, to vertebrate anceslry« 
33-34 

Arcbacoccti, 417 

Archaeo]>teryz, 200-201, 200-1, SOO-2 
Archaeornilbcs, 415 
Archacothertum, 2G8 
.4rc/if/on, i4<»-^, 

Archer fish, 70, C5-4 
Archosauria, 176-97, 415 
Arctoidea, 41C 
Armadillos, 300. 418, SOG 1 
Armcnoids, 400, 5J5 2 
\rmorcd dinosaurs, 105-90, 415 
Vrt, Upper I’alcolitbie J46-7, J''0-2 
Arlenes, of frog, 117-18, 110 
iVrthrodirca. 43-49. 414 
Artiodactils, 204-78, 417 
Arjan "raw. 401-2 
Asia 1-15 

carl> man in, 373 74 

Aaselar, Upper I’alcolithic skull and skeleton 
from, J72-1 
Uses. 261, 417 
Utrapotheria 417 
Atlj/loiUrnus, IJO-l 
A(elu, 322 I 
kuks, 210, 20S-1 
Aurignacian 339 340 
Australia, 15, 17 
egg lading mammals of, 229 29 
marsupials of, 233 35 
Australoids, 374, 386, 887-89 
Australopit/iccus, 329-33, 352 330-1 
Aves. 30, 415 
Axolotl, 99 95-2 
Aje-aje 315 
Azilian 339, 348 

B 


Daloo, 2i8-2 

BatuchiAenum, 257, 2G2, iG2-2 

Bandieools, 234, 232-1 

Dantcng, 277 

Bantus, 391 

Barbets. 214 

Barracuda, 70 

narytambda, 2,/C-2 

Basilisk, 162. ICO-I 

Basking siiark, 52-53 

Bass, 76 

Batoidea, 414 

Bata, 295, 416, 2DG-I, 302-1 
Hdtilotlama, 38 

Bears, 250-51, 410, 2i8-2, 2,0-1 
Beavers, 290, 418, 2Si-2 
Bce-caters, 213 
Beluga, 300 

Bern begoual. Upper Paleolithic skull from, 
372-1 

Berbers, 400 
Ktryi, 75, 70 
Binlurong, 2i2-l 
Birdlikc dinosaurs, 194-97 
Birds, 198-218, 202-1, C02-2, 20S-1 
Cretaceous forms of, 201-2, SOi-1, 20i-2 
homing, 217-18 
migration of. 215-17 
olomt form of, 200-201, 202-2 
orders of higher, 204-15 
ostrich like forma of, 202-4, 202 1, 202-2, 

m-1 

structure of, 198-200 
Birds of paradise, 215 
Bison, 278. 417, 276-2 
Ditlerns, 207 
Blackbuds, 215 
Blackfish, 300, 296-2 
DIennies, 78 

Blind snakes, 170-71, 170-t 
Blind “worm,” 1G2 2 
Blood, of frog, itr-is 
Blood groups in human races, 334-85 


Babu-usa 267, 2GS 2 
Baboons, 320 
Backbone 24 25 
' Back fanged snakes, 171-72 
Badgers, €47 416 2i2-2 
Balarna, S9&-2 
Bolaenoptera, 302-1 
Balanoglossuz, 29 ' ^ 


Bahsies, 75 
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Boas. 170, ICG-2 
Bone. 23, 56-57 
Bony hshes, 56-86. 414 
Boskop skull, 373 
BoArop*. 17i 1 
Bidryllui, 8 4 
Bovids. 276 78, 417, 276-i 



Bovfin, 69, 414, 65-7 
iBrar&tosaurus, 193-94 
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Bradjodonli, 414 
Braiimas, i“7 
Brain 

ID birds, 199 . 

of frog, 100-8 
m mammafs, iKhil 
m prunatw, 313-14 
Bramcase, 24 
Breathing, m frog, 114 
BroadbilU, 215 
Jironiotaurits, 190, 188-2 
Brush lurkej’s, 209 
Buffaloes, 277 
Dufo, 100 
Bulbuls, 213 
Buntings, 215 
Burbot, 73 

Bushman, 373, 30i-33, 302-1 
BushmasUr, 175 
Bustards, 209 
Button “quails,” 209 
Bumrds, 208 

C 

CachaloU SOI 
Cacomistlc, 240 
Caeahjina, 100 
Caimaiu, 183, ISZ-l 
CoffilAn^, 322-1 
Cambrun, 10 

Camels, 10, 200, 270-71, 417, 202-2. 270-1 

Camjitosaurus, 194, 195 

Cane rat, 292 

Cauidac, 416 

Cape hunting dog, 2iS-l 

Caprunulgifortues, 212 

Capuchin monkey, 318 

Capjbara, 234-2 

Carbon dating, 340 

Carboniferous period, 10, 11 

CarchoTKU, 38-2 

Carcharodon. 32-1 

Cariamos, 209 

Caribou, 274 

Carnnora, 41S. SlS-1, 21S-S, 213-2. 

243-2, 250-;, 250-2. 202-3 
Carp, 74 
Carpincho, 291 
Cartilage, 23 
Corro. 3-3 

Cassowat), 202, 202-1 
CaCarrhiiie moiiLcj's, 3]9'2}, 4]6 


:nfish. 72, 74. 08-2 

211. tl3, m-lO. ilG 
JIalllc. 276-78. H7. 270-2 
Caucasoids, 386, 394 
Cavies. 291, 200-1 
Caviomorpha, 291, 292, 418 
Cebidae, 416 
Celts, 402, 403 

Ccnowic era. 10. 11. 16-17. 230-31 
Cepholaapit, 39 
Ccphalochordata, 413 
CercopitliceiJae, 416 
Ctrcoptlhectu, 322-1 
Cersidae, 417 
Cetaceans, 297-305, 417 
Chaffinches, 215 

ChaiicoUiercs. «7. 263-64, 417, 2G2-i 
Clntmclcons, 1G3, 102-2, 100-1 
false, 162 
Ciiaiaois, 277 

Cliancclade man. 372, 172-2 
Cfuracms. 74 
Cliaradnifonucs, 210-11 
Chauhodut. 71, OS-J 
aiccuh, 244-45, 2i2-2 
Chttrvlepit, C8-2 
Clicllcan. 343 
Cbelodina, JiO-l 
Chclonians, tee Turtles 
Cbduj, I-iO-2 
Cfulydra, HG-I 

Ciierrolains, 271-72, 417, 270-1 
Cbickadccf, 215 
Cliickens, 203 
ChiUimyeieTit, 75 
Chimeras, 56, 414, 3i-2 
Chuupanice, 321-26, 322-3. 32’-4 
Clundulla, 291 
Chipmunks, 290 
Chiroplcra, 416 
ChoantchUijcs, 58, 414 
Cholatpitt, 300-1 
QiondruhUi}cs, 37, 50-56, 414 
Chondfostei, 414 
Chordata, 26 
Chordalcs. lower, 25-30 
Ckoukouiien casT. Upper Bulcohlhic skull from, 
J22~t 

Ctconidormes, 205-7 
Circidatory s}>tem. of frog. 117-2 4 
CiteU, 2kk 416, 2i2-l 
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Clactonian culture, 339, 311 
Cladotdache, 43. 10, 17, 30, 41 1 
Classification, 2-1 
of chordatcs, 30-37 
CUmmys, 130-2 
Clidoitu, 152, 152-^ 

Clunates, influence of, on animal life, 12, 15, 
10-17 

CUmaiiui, IS 
CfupM, 71 
Clypsdurus, 71 
CoaU, 219, 2iS-2 
Cobras, 172-73, 1G&~2, 170-1 
Codfish, 72, 73 
CoelacanLhs, 05-00 
Coefom, 105-0 
Coties, 213 

Collared liaard, 1C2-1 
Color, m human races, 381 
Color changes in fishes, CS-2 
Colubnd snakes, 171-72 
Columbiformes, 211 
Combe Capelte man, 372 
Complexion, in human races, SSI 
Compiognalkui, 189, 191-95, 800-1 
Condor, 208 

CondjlarUis, 255-50, 110 
Congo eel, 99. 98-2 
Comes, 279-80, 117, 281-1 
Continents, life regions of, 11-17 
Coots, 209 

Copperhead, 171, 171-2 
Coraaifonnes, 215-11 
Coral snakes, 173, 171-2 
Cormoranb, 207 
CoryihoiauTui, 188-1, 190-1 
Cotmgas, 215 
Cottonmouth, 171 
Cotylosaurs, 139-10, 115 
Cojole, 218 
Coypa, 291 
Cranes, 209 
Creepers, 215 

Creodonts. 211-42, 416, 212-1 
Crested dinosaurs, 193, 188-1, 196-1 
Cretaceous period, 10, 11 
Crocodiles, 180-84, 115, 182-1. 188-2 
Cro-Magnon man, 352, 371 72, 398, 370-1,870-2 
Crossoplerygii, 59, 63-65, 411, 60-2 
Crolaphytuj, 162-2 
Crons, 215 


CtyjlohTanckui, 98-3 
Cryplodira, 116-19 
Cuckoos, 205, 212 
Cucuhformes, 212 
Curaasous, 209 
Curtens, 210 
CycSostomes, 35-10, 413 
CynodiCtu, 212-43. 218-1 
Cypnoodonts, 72, 73-71 

0 

Dam'in. Charles, 5 

Datypdlu, 170-2 

Dasypodidae, 118 

Dotyput. 306-1 

Dasyurcs. 233 

Deep sea fishes, 71-72, 68-3 

Deer, 260, 272, 117, 270-2, 276-2 

DmdndjaU$, 130-1 

Demochtlyt, J1&-J 

Development. 15-19 

Devil ra^s, 55-56 

Devonian period, 10. 11 

Dhol^ 219 

Dtapkoms, 71 

Diapsid repUles, 142, 155-59, 115 
Dialryma, 210, 202-2 
Dittralhenum, £62-1 
Dicotylidae, 117 
Dicynodonts, 227, 220-2 
Digestive sj'stem, of frog, 112-13 
Dik-diks. 276 

Dttnelrodon. 221-25, 8 2, 8-3 
Dioarics, 106, 398-2 
Dingo, 218, 218-1 
Dim<hlhyt, 19 
Dinocerata, 256, 117 
Dinohyvi, 262-1 

Dinosaurs, 186-97, 415, 188-1, 18S-2, 188-3, 
183-1, 196-1, 196-2 
extinction of, 197 
foolpniits of, 187-88, 200-1 
omitiusciiians, 191-97 
aaunschiaiu, 183-91 
teo stocks of, 166-87 
DijJodocuj. 189, 190, 192 
Diploglossan lizards, 161-65 
Diplorrrtebron, 90, 9S-1 
Dipnoi, 59-63, 411 
Diprolodon, 232-2 
Dipterus, 62 
Dodo, 211. 208-1 
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Do^h> 52, 53 

Dogs, 241, 247-49, 416, «4S-1 

Dolpbms, SOO, 417 

Dormice, 293 

Doi-es, 205, 211 

Draco, 162-2 

DryopuAtau, 326, S26-2 

Duckbilled dinosaurs, 105, 415, 163-4 

Ducks, 207 

Dugong, 2S4-85. 417 

Duikers, 276, 278-1 


E 


Eagles, 203 
Ear 

m bats, 296 
of frogs, 110, 111-12 
in mammals, 222 


EckiKeu See Eemnra 
Eehtdna, 223 

EchttodcnDs, reUtioo of, to %etlebrate aocestry. 

EdapKoiaxmu, 224, 8-S 
Edeautes. 305-7, 418, 306-1 
Eels, 72-73 
electnc, 74, 68-i 
life^bistory of, 80-82, 68-3 
Egg 

of dinosaurs, 190-2 
reptile type of, 132-36, 130-1 
of Uleost fishes. 31 


Egrets, 207 

Eland, 277 

Elasmokrsnclui, 414 

Elamoitturus, 152, 162-3 

* Elephant birds,” 202 

Elephant seal, £60~2 

Elephant shreir, 25^4 

EUphanU, 280-82, 283, 278-2, 232-2, 234-1 

Elk, 273-74 

Exabntbopoda, 417 

Embrjology, 18-19, 18-X. 18-2. 18-3. IS-i 

Emu. 202. S02-I 

Entelodonta, 268-69 

Eocene epoch, 230 

Eoktpput, 258, 259. 260, 2|2-J 

Eolilbi, 342-43 

Eosuchia, ICO, 415 

Epicrromius, 62 

Equidae, 417 

E^ us, 258, 259. 2C0 

Enrymbo, 72 


lirmtne, 246 
Erpops, 96, OS-1 
Eskunos, 411, ilO-2 
Esot,72 

Ethiopian region, 15 
Eucrcodi, 416 

£um«Xf, 166-1 
Eunolotauna, ISO, 151 
Euparlena, 189 
Europe, 14 

European races, 398 2 
Euryapsida, 153, 415 
EurypAnryni, 71 
Eiuyplends. 33, 44-45, 8-i 
EtuiifTtofJeron, 60-2 
Euthena, 416 
Evolutionary theorj, 4-6 
Eyes ii 
in frog, 109-11 
in human races, 331 82 
in primates 312 13 


F 

Pace, IS bumaD races, 382 

PalconJonnes, 209 

Falcons, £09 

Family, 3 

Feathers, 200 

Feet 

io mamas} like repljJct, 227 
in mammals, 223 
Felidae. 244-45, 416 
Fennecs, 249 
Fer-de-Uncc, 275, 174-1 
File&shes, 76-77 
Fiiipioo, 410-1 
Fid sthalcs, 303 
Fmhack whale, 302-1 
Finches, 215 
Fins 

arrancemcnt of in fishes, 47 
pauvd, ongin of, 46-17 
Fishcnes, 84-66 

Hssipede canmorcs, 242-52, 416 
Hanungoa, 207 

Flesh-eating mammals, 239-52 
Flmt implements, 341-43 
Florubad skull. 373 
Flounders, 78. 79, C$-2, 68-3 
Fiycaubers, 215 
Flyuig fishes. 70-71 
Flying foxes, 297 
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"11} mg lemur,” 207 

"1 l}mg lizard,” ICJ, 1C2-3 

Hjmg reptiles, 18 1 80, l'j(r-3, 200-1 

I oiiUlc-Oaume, cave paiiilmgs, JiG-t 

lontcclicvadc skulls, 8GS 

I ood c} clc o( Tistics, 85 

loolpnnU of dinosaurs, 187-88, 300-1 

Tassits, follcclion and study of, O-lo, S-J, 8-2 

Four-c}«/ fisfi, Tl, 6S-J 

Foussa, 213 

Fo« Is, 20S 

loxcs, 2ia-s0, 41G 

1 rcsli n alcrs ns \ crlcbrale ancestral Lome. 
Fngntc birds, 207 
trilled lizard, 1C2-C3 
trogmoullis, 212 

Frogs, 88 80 00-100 105 31 11 1. OS-f. 7J0-i 
tirculatory s}slein of ll? 21 
digestive s\ stem of, II2 13 
cxcrclorj svsleu of, U5 

E cneral bod} features of, lOl-C 
fe of, 102-1 

life-hulor> of, 130-31 5?-4 
nervous s} stem of 100 8 
organs of internal secretion, 121 25 
reproductive system of 115-17 
respiratory system of 113-11 
sense organs of 103-12 
skeleton and musclts of, 125-50 
skin of, 100, 08 i 
Fruit baU, 207, 200-1 


C 

Gadui, 72 

Galago, 3Ii-I 

Galapagos Islands, 117, US 

Gallos, 399 

Galle} Hill man, 309 

Galliformcs, 208-9 

Gamble s Ca v e, h uman skeletons from, 373, 372-1 

Gom&usio, 72 

Game birds, 203 

GanneU, 207 

Garnformes, 201, 205 

Garpike, 69, 111, OS 1 

Gaur, 277 

Gavial 183 

Ga}al, 277 

Gazelles, 276, 278 1 

Geckos, 163-64, 160-2 

Geese, 205, 207 

Genes, 6 

Genus, 2-3 


Gcograpliical distribution, U-17 
Geologic periods, 9-10 
Gcrbils, 293 
German peoples, 103 
Giant Logs, 262-i 
Gi-tiit lizards, 103, 102-2 
Giant panda, 250, 218-2 
Gibbons 323, S22-2, 322-3 
GiLraftar stuff, SCi, 300-2 
Glia monster, 165, 100-2 
Glib, 19-20 

Girallcs, 271-75, 117, 270-1 
Glaciation, I’leutoccnc, 331-17 
Glass “snake,” 101-65, 162-2 
Glohieepkala, 206-2 
Glypludonls, 307, 118, o00-2 
Gnu, 277, 278-1 
Goats. 270-77, 278, 117, 270-2 
Goatsuckers, 205, 212 
Gobies, 77 

Gondicanaland, 150-57 

Goose&sli, 77, 78 

”Coplier,” 147 

Oopiiers, 290, 413 

Gorilla, 321 20. 322 3, 320-1 

Grav-igrada, 118 

Great ouk, 211 

Grebes, 201. 205, 204-2 

Greenland shark, 53 

Grenadiers, 73 

Grunakli grottos. 372-1 

Grimaldi skeletons, 372, 370-3, 373-2 

Grosbeaks, 215 

Ground sloths, 307. 118, 306-2 
Grouse, 208 

Growth, in reptdes, 146 
Gruiformcs, 209-10 
Guaoaco, 270 
Guans, 209 

Guenon monkc}, J22-I 
Guereza monkc}s, 321 
Gumea fowl, 203, 209 
Guinea pig, 291, 418 
Gulls, 2a>. 210 
Gulpers 71. 72 
Gunz glaciation. 339 
Guppies 73-74 
Gym&ophiona, see Apoda 
GjuaROtur. 63-4 
Gypsies, 395 
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H 

lladdoclc, 73 
iradrcfoaurSf 195 
IlagEshes, 33-40, 413 
Hair, in human races, SS2-83 
Hairy frog, lSO-1 
Hale, 73 
Halibut, 70 
Halosaurs, 71, 7i 
Hammcrliead sharL, 52, 52-/ 

Hamsters, 293 
Hapahdae, 416 
Hares, 291-95.418 
Hartebcest, 277 
Hawks, SQ5, 203 
Heart, of frog, 119-23, 124 
Heat regulation 
m mammals 219 
in peljcosaurs, 224-25 
ifeath hen, 205-f 
Hedgehogs, 238, 416, 3J2 i 
Heidelberg jaw, 3^8-59, 5C8 { 
ifeU bender, 98, 93-J 
//chderma, 166-3 
HemichordaU, 413 
Herons, 207 
ffernng 70,71 
lletperopii/tauj, 374 
f/wperomir, 201-2 OOJ 2 
Hetcroslracj 413 
Hibernation, 293 94 
Hindu, J9S-1 
Iltppanon, 258 

Hippopotamus, 208, 417, SOS 2 

Hoactain, S09 

lloes, 207-09 

JlolarrJlic rryion. 14 

Holocephah, 50. 414 

Uoloptychiut, 64 

Holostci. 414 

Homing, m birds, 217-18 

Homo, 350-51, *« aita Man 

llomocoiauTUi, lGO-2 

Honcj badgers, 247 

Honey creepers, 215 

Honey caters, 215 

l]o»r> guides, 214 

Hoofed mammals, sm Ungulates 

Hoopoes, 213, 214 

IlornbilU. 205. 213 

Hometl dinosaurs, 190-97, lJii-2 


429 

Homed ‘ load,” 162, 163-1 
Horses. 257, 258-61, 417, 260-1, 260-2, 263-1, 
262~i 

llorscslioe crab, 33 
Ilottentots, 392 03 
Howler inonlej's, 318 
Ifianminghiitis, 30S, 212-13, 303-2 
Hulia, 291 

Ifyarnodon, 242, 263-J 
UyJrochoerus, 291 
lljdrophiidae, 173 
lljcnas. 243-44, 416, 212-3 
Ilyla, 100 , 93-4 
llyracoides, 417 
llyrtu, 279. 417, 3S1-1 

I 

Ibises. 207 
Ice Age. 334-41 
/eAiA^jiAir, 9i-4 
Idahpotnn, 201-2 

Iclithjosaurs, 153-55, 415, 1, 1S2-2, 1S2-J 

IcialiiTut, 72 

Iguanid luards, 1C2, lOO-l 
Indu, MedUerrancans of, 395 
Indians, .Imcncan, 307. 410-11, 410-2 
Indo^Australians. 389 
Indon^ians, 304-05 
Indris, 315 

Ins«cU\ora, 230-3S 416. 232-3, 232 i 
IranCKlfgbans, 309 
Irish * elk.” 273, 270-2 
Island hfe. 115-14 

J 

Jacaiuar?, 214 
Jaguar, 244 

Jas’a ”ape man," 351-aS 

Jsw 

esolutwn of, 45-46 
in iaammab. 221-22 
Jerboas, 205 
Jewish stock. 309 
John Uoiy, 78, 79 
Jungle fow 1, 208 
Jurassic penod. 10, 11 

K 

Kaffirs, 391 
Kanam jaH, 399 
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Kangaroo raU, %00, 291 
Kangaroos, 235, 53^-2, 333-3 
Kanjcra sWulls, SCO 
Kidney 
m frog, 115 
Iiislory of, 12-44 
Kingbird, 225 
Kingfishers, 213 
Kinkajou, 219, 410 
Ki»i, 202, S03-1 
Koala, 235, 333-3 
Kodiak hear, 250, SoO-1 
Komodo lizard, 165, 1G3-3 
Krapina man, 8C2, 364 
Kronotaurus, 151, 153-3 
Kudu. 277. 373-1 


La Chape!I« auz Saints, Neanderthal skull of, 
3CO-3 

Lahi'TinUiodonlia, 90-92, 94-97, 414, 08-1 
Lactrtilu, lGO-60 
Lagocaorpb. 294-95, 418 
Lamarck, 5 

Lamprejs, 19, 38-40, 413, 33-1. 33-3 
Lancelet, 25-3a 
Land bridges, 16 
Land life, development of, 93-94 
Langurs, 320 
Lantern fishes, 71-72 
l^rge^ared “fox,” 313-1 
LarU 215 
Larva, 19 
of tunicate, 27, 28 
Lateral line organs, 112 
Lalimena, 60-3 
Leatherback turtle, 149, U6-1 
Lemmings, 293 
Lemurs, 314-16, 416, 3U-1 
Leopards, 244 
Lepidosauria, 415 
Lepidotiren, 62 
LepidosUtu, 68-1 
Lepospotvd>li, 415 
LeptocepkaluJ, larva of eels, 83, 68-3 
LeptotypUopi, 170-1 
Les Eyzies, 373 2 
Levalloisian, 339, 344, 345 
Limbs 

of hog, 129-30 
m land vertebrates, 91-92, 94 


ongm of, 4fr-47 
in primates, 311-12 
Limnoseefie, 140 
Ltmufue, 33 
Linnets, 215 
Lion. 244. 416 
Litopterns, 286-87, 417 
Liver, of frog, 113 

Lizards. 1C0-C6, 415, 153-i. 100-1, 100-3, 102-1, 
162-3, JC6-J, 160-2 
Llamas, 16, 270-7J, 417, 370-1 
Lobe-finned fishes, 59, 63-65, 00-3 
Locomotion 
in mammals, 222-23 
in vertebrates, 20-21 
Loons. 304. 205. 301-3 
LofAiti*. 78 
Loricata, 418 
Lons. 3J4-i 

Lungfishes. 59-C3, 414, CO-J, 00-3 
Lungs. 57-58 
in frog. ]]4 
Lyraenope, 220-) 

Lymphatio, of frog, 123-24 
Ljux, 244 
Lgpidointon, 08-3 

M 

Macaques, 320 
Mackerel. 75. 76 
Macropetalichlhyida, 414 
MocnirAinur, SSO-2 
Madagascar, lemurs of. 314-15 
Magdalenian. 339, 346-17 
Maglemosian, 339, 343 
Malays. 409, 110-1 
Mambas, 173 

Mammal like reptiles. 223-28, 415, 330-1, 336-3 
Mammals, 36. 219-411, 416-18 
characters of, 219-23 
eggdaywg, 228-29, 333-1 
placental groups of, 235-411 
pouched, 231-35, 333-1, 233-3, 333-3 
primitive Mesozoic forms of, 229-31, 336-2 
reptilian ancestors of, 223-28 
Mammoths. 284. 417, 232-2 
Man, 327-411, 416 
embryos of, 18-1, 18-2, 18-3, 18-1 
human characters of, 327-29 
human origins of, 334-76 
human races of. 377-411, 393-1. 393-3. 398-1, 
398-8, ilO-l, 110-3 
Manakins, 215 
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Man-apes, 32^33 
Manatees, 284-85, 417 
Mandrills, 320, 32S~1 
Ibtangebcys, 320 
ilanlike apes, 322-27 
Mania, 55 

Marmosets, 318, 41$ 

Marmot, 290, 322-1 
J/arsapraif, SSI, £SS-^, 
ftlarten, 240 

Mastodons, 283-84, 417, £78-2, 2S2-I 
Klatama, 130-2 

Klediterraneans, 373, 38G-S7, S94vgg, 39S-i 
Megalhenum, 306-2 
Melamphids, 68-3 
Melanesians, 391-92, 302-2 
J/emamio, 152 
J/erjicAi^pui, 258-59 
ilttokippas, 258 
Mesolitlac age, 339-41, 347-48 
JferoMurur, 155-37 
Mesozoic period, 10, 11, 17 
KleUmorphosis, 19 
of ampQibians. 89 
of frog. 130-31 
Metathena, 410 
Mice, 292-93, 418 
Micropodiformes, 212-13 
Microsauria, 413 
Migration, of birds, 215-17 
Mindel glaciation, 339 
Mink, 240 
Minnons, 72 
^Locenc epoch, 230 
Mtoktpput, 259 
Moas, 202, £02-2 
Mcccaaiiv J74- J7^-S 
ilockingbirds. 215 
J/oenlAmum, 282-83 
J/ofo, 10 
Moles. 238, 410 
ifotgula, S-i 

Mongoloids. 3T4, 387. 405. 403-11, HO-J, (H 
Mongoose, 243, 416 
Momtor lizards, 105, 1C2-1 
Monkeys, 317-22, 416, 322-1 
New Uorld, 317-18 
OldMorld, 318-21 
MoaotremaU, 410 
MormjT, 72-73 
J/armynt«, 72 


Moropui, £62-i 
^Io$asaur8, 165, l&2-i 
Motmots, 213 

^louot Carmel man, 365-60, 3G8-2 

“Mountain boomer," 162-2 

Mouse deer, 271-72 

Moustcrian culture, 339-45 

Mud puppy, 98, 93-2 

Jlfiu/^iipper, TT, Cfi-4 

Mugik 75 

Mullet. 75-76 

Mullituberculata, 410 

Munt;ac3, 274 

Murut, 393-1 

Muscles, 23 

Musk deer, 274 

Mustelidac, 416 

Mutation, 0 

M>oniorpha, 418 

MysticeU. 417 

Myxme, 38 

Myxinoidea, 413 

N 

Natua, SiS-£ 

Natural history, nature of. 4 
Neanderthal man, 352, 361-71, 360-2, 363-2, 
370-1 

Nearetic region, 14 
NecUidia, 415 
iVeclurur, 98-2 
Needlefishes, 70-71 
Negroids, 873. 386, 390-04. 392-2 
NcognaUiae, 204, 415 
Neolithic culture, 339, 341, 348-49 
Ncernithcs, 415 
.Vaw^, J&2-3 
NeoUny, 99 
Neotropical region, 15 
Nervous system, 22 
ot frog, 106-8 

Newts. 83, 03, 415, 93-1, 93-3 
Nightjars, 212 
Nilghai, 277, 278-1 
Nordics, 337, 400-405 
None race, 400 
North America, 14-15 
Nose, of frog, 108 
Nostrils, 22 
AotecAu, 174-1 
Xoikarriiu, 3H-1 
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N'olliosaurs, 

Nolocliord, 21-25 
Notou:)gu1ata, 417 
Nuthatches, 215 

O 

Ourfish, 78 

Ohcrctisscl, Upper Paleolithic skull from, 372-2 
Oceans 

Atlantic, Indian, Pacific, II 
life of, 11-14 
Odonloccli, 417 
OJontognalhae, 415 
Okapi, 275, 417, S76-I 
Oldowa>, human remains from, 973 
Ohgoccnc epoch, 230 
Omoehelys, 72 
Ophtacodon, 224-25 
Ophidia, 110-75 
OpAuaurua, IC2-2 
OpkthoImotQurut, 154 
Opossums, 231-32, 233 410 
Op$anu», 78 
Orangutan, 324, 322-J 
Order, 3 

OrdoMCian period, 10 
Oreamnoi 870-2 
Orcodons, 200, 209 70, 417 
Ortopilhecus, 320-2 
Oriental region, 15 
Orioles, 215 

Ornithischu, 194-07, 415 

OmiiAomimnr, 189, 183-1, l83-i 

Omithorhynchus, 228, 232-1 

Ornitliosiichua, 178, 179 

Orohippus, 250-1 

Oryx, 277 

Ostanophjsii 74 

Oatcichthjes, 37. 58-88, 414 

Osleoleptf, 04 

Oateostraci, 413 

Ostracoderms, 41-44 

Ostrich, 202, 202-1 

' Ostrich” dinosaur, 189, 188-1, 188-i 

Ostrich like birds, 202-4, 415, 202-1, 203 1 

Otters, 247, 410, 2^2 2 

Ovaries, of frog, 115-16 

Ovenbirds, 215 

Oviduct, of frog 115-16 

Owls, 205. 212 

Oxyaena, 2k2 1 
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P 

Pacas, 491, 200-1 
Paddiefish, C9-09, 414, CS-I 
Paedogcncaij, 19-20, 28 
Palaeodonto, 417 
Palaeognathac, 415 
Palaeoacineus, 18S-i 
Pabte. m crocodihans, 180-81 
Paleorctic region, 14 
Palcoccnc epoch, 230 
Paleolithic ages. 339. 342, 343-47 
Palconiscoids, 414, 08-2 
Paleozoic era, 10-11, 17 
Palikao, human )aus from, 3CS-1 
Pancreas, of frog, 112-13, 125 
Panda. 249-50, 416, 2i8-2 
Pangolins, SOS, 418, 303-2 
Panther, 244 
PanlotheriB, 410 
Papuan. 302-2 
Parakippui, 258, 2C2-i 
PoToIiehthyt, 78 
Paranthropus, 330-1 
Pariuaurolophut, 188-1 
Parrots, 205, 211-12 
Partridge, 208 
Passeriformes, 214-15 
Peacocks, 208 

Peccancs, 286. 267-08, 417, 208-2 
Pecora, 271-78. 417 
Peking man, 356-58, 356 2 

Pebcaniformes, 205-7 
Pelicans, 205-7 
Pelycosaurs, 224. 415 
Penguins. 205, 200-7, 20i-l 
Perea, 75 
Perch, 75, 76 
Perching birds, 214-15 
Pertgordian, 339, 946 
Perwpkthalmue, 68-4 
Peris^actjK 256-64, 417 
Penman, 10, 11 
Petrels. 206 
Petrontyzon, 38 
Petromjeontia, 413 
Hiabnger, 234-35, 232-3 
Pheasants, 205-S 
Phenacodua, 255, 2o6-l 
Phoebe, 215 
PhobdoU, 418 
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Pkororhaco3, 202~2 
Phrynatoma, 1Q2-2 
PhyXioyieT\fX, GS-3 
Phylum, S 

Phytosaurs, 17!)-80, IS2~2 
Pjciformes, 214 
Pigeons, 211 

Pigs, 207H38, 417, SOS-J, 26S~2 
PiU, 235, 296~I 
Pike, 72-73 
Pilosa, 418 

Pilldonn man, 360-81, 3GO-1 

Pinnipeds, 251-52, 410, 2o0-2 

Pipa, 130-1 

Pipelish, 72-73 

Pipits, 215 

Piraniia, 74 

Pit Mpers, 173. 174-75 

PttAecanlArapus, 351-58, 3oG“l 

Pituitary gland ol frog, 107, 124-25 

Placenta. 235-30 

FUcodermi, 37, 47-50, 414 

Platypus, 228. 416, 232-1 

Platyrrhine monkej-s, 317-18 

Platyrrhinj, 410 

Pleistocene epoch, 230. 231. 334-41 
Plesiosaurs, 151-33 415, 132 1. 152-2, 152-5 
Wcurodira. 140. 149, 130-2, 140-1 
Pliocene epoch, 230 
Ploers, 210, 204-1 
golden, migrations of, 210-17 
Pocket gophers, 200-01 
Podicipiliformcs, 204-0 
Poisonous snakes, 171-75 
Polecats, 240 
Polynesians, 390, 392-1 

Po!yjittTU$, 68, 414 
Porcupine fishes, 70 

Porcupines, 291, 292. 418. £34-^, 290-1 
Porpoises. 29T-S0I, 417 
Port Jackson shark. 52 
Pouched mammals, 231-35, 232-1, 232-2 
Prairie dog. 290, 2S1-2 
Pre-Dranduns, 389 
Predmosl man, 372 
Primates. 309-20 
hrsm of, 315-14 
higher (to apes), 310-20 
lemurs, 314-10 
hmts of, 311-12 
acme organs of, 312-13 


skull of, 314 
teeth of, 312 
Pnodon, 300-1 
Pnoiwtuf, 75, 68-3 

Proboscidians, 280-84, 417, 278-2, 282-1. 282-2, 

£34-1 

Proboscis monkey, 320-21 
Proccllaruformcs, 200-7 
Proectuul. 326-27, 3o2, 320-2 
Procyonidae, 416 
Progarwehdyt, 150 
Prongbuck, 275, 417, 276-J 
PtoUla, 212-1 
Proteta, 08 

Protoceraiops, 107, 19G-2 

Protoptaus, 62, CO-1, GO-2 

Prolorosauria, 415 

Prototheria, 416 

Przeuabki s bor»c. 201 

P*ammo\tpx», 41 

Ptndotriton, 08-1 

PsittaciforiDes, 211-12 

Ptarmigan, 208 

PUranedon, 186, 152-4 

I’terobranchs, 29-30 415 

Pterodactyls, 184-86. 19G-2 

Pterosaurs 184 86, 415. 152-4. lOG-3 

Pullbirds, 214 

Puffers. 75-70 

Pufiiao. 210 

Puma, 244 

IVgmies, 592, S02-2 

Pylhom, 170, lCG-2, 170-1 

Q 

Quail 203 

pes-Mt!, 70, 230 

Queul 214 

R 

Itablits, 294-95. 418 
llaccoons. 249-50, 410, 243-2 
llarcs human. 377-411 
iklpincs. 405-8. 393-2 
\uslralonls, OST-OH. 392-1 
eJassificatjon of, 386-87 
Medilerrancans and related types, 33 4-405. 

392-1, 393-1 
izKgratroRS of. 370-80 
isislures of, 378 79 
Mongoloids. 408-11. 41C>-1, 416*5 
Aegrotds, 396-91, 392-2 
physical criteria oi, 386-85 
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EaiU, 205-9 
Raja, 52-2 
Rana, 100, 95-4 
Rat fishes, 52 
Raids, 247 

Rallies, 415, £02-1, 208-1 
Rats, 292-95, 418 
Rattlesnakes. 174-75, lli-t, mS 
Ravens, 215 

Ray finned fishes, 59, C7-8fl, 414 
Ra>-8, 53-50, 414, 52-2 
electric, 55 
Rtgalecui, 78 
Reindeer, 274 

Remora. 75-77, 38-2. H&-1 
Reproduction 
in mammals, 219 
m marsupials, 231-32 
in placental mammals, 235-36 
Reproductive organs, ol frog, 115-17 
Reptiles, 36, 132-97, 223-28, 415-10 
classification of, 141-42 
egg and developmental pallerii of, 132-36 
grow til of, 146 
mammal like, 223-28 
organization of, 138-39 
stem forms, HO-i 
water, 142-57, 165, 173, 180-84 
Respiration, in frog, 113-14 
RhaUiojjUura, 29 
Rkampkorhynehut, 185, 200-1 
Rhea, 202-3, 202-1 
RJitneura, 166-1 

Rhinoceroses 275 262-63, 417, 262-1. 262-2. 

262-i. 268-1, 282-1, 282-2 
Rhriodon, 52-1 

Rhodesian man, 370-71, 370-1 
Rhynchocephalia, 415 
Ribbon fish, 78 
Right whales. 802-3, 296-2 
Ringhab, 172 
Riss glaciation, 339 
Rodents, 288-94, 418, 28i-2. 296-1 
Rollers, 213 
Rorquab, 303, 302 1 
RuLng reptiles, 170-97, 415 
nature of, 176-78 
primitive forms of, 178-80 
Ruminants, 269-79, 417 

S 

Saber toothed “tigers,” 245-46 
Sable. 246 


Saiga antelope, 276 
Sailfish, 70 

Salamanders, 88-89, 97-09, 415, 9S-I, OS-2, 98-3 
Saldauha skull, 371 
Salicnha, 414 
Salmon, 79-71 
breeding of, 80 
Sand grouse, 211 
Sand lances, 78 
Sand shark, 38-2 
Sandpipers, 210 
Sarcoptcrygii, 58-60, 414 
Saurischia, 188-04, 415 
Sauropod dinosaurs, 190-94, 188-2 
Sauropterygii, 415 
Saw shark, 53 
Sawfish, 54-55 
Seaumenaeia, C2 
ScmroDiorpha, 418 
Seomber, 75 
Scombretox, 71 
Screamers, 207-8 
Sea cows, 284-85, 417, 

Sea horse, 73, CS-2 
Sealion, 251-52, 416 
Sea robin, 75-77, 68-3 
Sea snakes, 173 
Sea squirts, 26-28, 29, 8-i 
Scab, 251-52, 416, 

Secretary bud, 203 
Selaclui. 414 
Serval, 244 
SeweUel, 289. 296-1 
Seymoana, 140, 230-2 
Shark sucker, 75-77, 38-2, H6-1 
Sharkbke fishes, 50-56 
Sharks. 50-53, 414, 3S-2, 52-1 
rgg of, 51 
Shearwaters. 206 
Sheep, 276-77, 278, 417, 276-2 
Shell of turtles, 143-44 
Shrews. 237-33, 416, 232-3 
Shrikes, 2]5 

Side-necked turtles, see Pleurodira 
Sifaka, 315 
Silurian period, 10 
Sdvetsides, 76 
Simiidae. 416 

SinarUhropur, 3o6-58, 356-1, 356-2 
SinojM, 241 
Siren, 99, 98-3 
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Sircnians, 28i-85, 417, 28k-l 
Skates, 53-56, 414, 52~2 
Skeleton 
ot buds, 
of frog, 126-30 
Skin, of frog, 106-14, 38-4 
Skinks, 164, 1G2~I, IGG~1 
Skull. 24 
of frog, 128 
in mammab, 221 

proporbons of, m human races, 384 
m snakes, 166-2 
Skunks, 247, 416 
Slavs, 403-1, 407-8 
Sloth bear, S48-2 
Sloths, 306-7, 418, 306-1, 306-2 
Slow “worm,” 104 
Smtlodan, 245-10 

Snakes, 165-75, 413. 166-2, 170-1, 170-2, 174-1, 
174-2 

Snapping turtle, 146-1 
Snipes, 210 
Scan. 339, 344 

Soft-ahell^ turtles, 148-49, 146-2 
Sole, 70 

Solenodon, 232-\ 

Solo man. 369-70, 370-1 
Solutrtan, 339, 346 
Somalis, 399 

South Africa, man apes ct, 329-31, 330-1 
South iVmerica, 14-15, 17 
edentates ol, 305-7 
marsupiab of, 232-33 
monkeys of, 317-18 
naU\e rodents of, 291-02 
nati\e ungulates of, 285-87 
Sparrons, 215 
Species, 2 

Sperm whale, 301-2, 296-2 
Sphcnisciformcs, 205-7 
Sphmodon, 141. 158<4K>, 415, tGO-2 
SpkjfTOtna, 52-1 
Spider monkeys, 318, 322-1 
Spiny antcatcr, 228, 416, 232-1 
Spiny finned fishes, 75-79 
* Spiny sliarks,” 47-48, 414 
Spoonbill. G3H>9, 414, 68-1 
Spring haas, 291 
bquamals, lCO-75, 415 
bquirrels. 289-00. 418 
Starlings, 215 

Stature, in human races, 383-84 
^UjoKtUTut, 189, 106, 196-1 
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Stegoselachu, 414 

Steinhcim man, 364-05, 3G8~2 

Stem reptiles, 139-40 

SUneotaurus, 181 

SUnomylut, 262-4 

SUnuithem, 130-2 

Sticklebacks, 73 

StiDg ray , 55 

Stoat, 246 

Stocks, 205, 207 

Stngiformcs, 212 

Structure of vertebrates, 20-25 

Sturgeon, CS-60, 414, 68-1 

Subungulatcs, 270-85 

Suckers, 74 

Suidae, 417 

Suina, 417 

Sunbirds. 215 

Sunfish, 19, 76, 77 

Surinam toad, 130-1 

Susliks, 290 

Swallows, 205, 215 

Swans, 207 

Swanscombe skull, 368, 368-1 
Swifta, 212-13 
Swordfish, 76 
Synapsid reptiles, 142, 415 
Syngnaihu*, 72 
SyrUAetacerat, 271-72 
Systemalics, 2-1 
of man, 350*51 

T 

Tadpoles, 88-00, 130-31 
Taipan, 172 
Tanagert, 215 

Tapirs, 16, 257, 256-2, 201-62, 417, 2C0-1 

Tardenotsian, 339, 348 

Tardigrada, 418 

Tarpan, 201 

Tarpon, 70 

Tarsioidea, 416 

Tarnut, 316-17, 410, 814-2 

Tasmanian devil. 234 

Tasmanian wolf, 234, 232-1 

Tasmanians. 389, 392-1 

Teeth 

in carnivorous mammals, 239-40 
in mammal-ltke repUlcs, 226 
in mammab, 22 
m primates, 312 
in ungubU^ !^*54 
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Tdeoceras, 232-1 
Teleosts. 69-85, 414 
breeding in, 80-81 
dutiibulion of, 79-80 
Temporal openings, m reptiles, 1 ll-U 
Ternifine jaws, 359-60, 308-1 
Terns, 210 

Tertiary period, 10, 230 

Testis, of frog, 116-17 

Tcstudinala, 415 

Teitudo, 147-i8, HG-I 

Theeodontia, 178-80, 415 

Therapsids, 226-28, 415, 220-1, 22G-2 

Thcna, 410 

Thrashers, 215 

Thrushes, 215 

Tlijlacine, 23 i 

Thj-zaus gland, 125 

Tiijroid gland, of frog, 125 

Tiger, 244. 410 

Tiger snake, 173, 17i-l 

Tinamous, 203, 20i-l 

Titanolheres, 237, 263. 417, 2C2-J 

Titmice, 215 

Toadfish, 77-7B 

Toads, 88-89, 99-100, 414, OS-i. IJO-t 
Toes 

in e^en toed mammals, 204-78 
m mammal like reptiles, 227 
ID mammals, 223 
in odd toed mammals. 250-64 
in ungulates, 254-55 
Tomuloma, 182-1 
Torpedos, 55 
Tortoises, 147-48, IfO-i 
Toucans, 214 
Toxobei, C8-i 
Toxodonts, 286, 287 
Tragulidae, 417 
Trajulus, 270-1 
Tree shrews, 233, 232 i 
Tree sloths, 306. 418, 30G-1 
Tnassic period, 10-11 
Tnceralopi, 196, 197, 188-3 
Tneonodonts, 226 2 
Triggerfish, 75, 76-77 
Trilophodan, 283 I 
Tnonyz, 0,6-2 
Triturui, 98--3 
Trogons, 214 
Tropic birds, 207 
Trout, 70 


Trumpeters, 209 
Trunkfisli. 76 
Tuatara, 158-60, 160-2 
TubulidentAta, 418 
Tuco-tuco. 291 
Timicatcs, €6-28, 20, 5-4 
IWacos, Hi 
Turanians, 403 
Turkeys, ^8, 209 
Turlies, 143-51, 415. 130-2, 06-1 
marine. 148, 00-1, 00-2, 152-i 
T}lopoda, 417 
Typhtap*. 170 
T>potlierce. 2SG, 287 
Tyrannoiauru), 189, 190, 188-1, 188-3 

U 

Uintaihercs. 256, 206-1 
Ungulates. 252-87, 417 
esen toed. 264-78 
hmbt of, 254-55 
odd toed, 256-64 

« i%e forms of, 255-56, 200-1, 200-2 
American groups of, 285-87 
subungulates, 279-85 
teeth of, 252-54 
Urochordata, 413 

Urodeles. 97-99, 415, 08-1, 93-2, 08-3 
Ursidac, 416 
tfnis. 277 

V 

Vampire bats, 296-97 

Varanut, 102-2 

Veddahs. 389, 392-1 

Veins, of frog, 118-19, 120 

Venoms, 175 

Venmlingua, 418 

Vertebral column, of frog, 127 

Vicuna, 270 

Vine snake, 170-1 

Viper >£311. 71 

Vipers, 173-75 

Vireos, 215 

Vbcacha, 291 

Vnemdae, 416 

Voles, 293 

Vultures. 203 

W 

WadjaL man, 374 
Wagtails, 215 
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^Vallabf. 332-B 

^Valnls, «52, 416. 2oO~Z 

Wapiti, 272, 270-2 

Warblers, 215 

Wart hog, 267, 268-1 

Water repUes, 142-57, 1C5, 173, lSO-84 

Water scorpions, 44-45 

Watcrbuck, 278~1 

Waxbirds, 215 

Waxwings, 215 

Weasels, 246-47, 416 

Weaverbirds, 215 

Whale shark, 52-53, 52-1 

Wlialebonc whales, 302-3. 417. 206-2, 202-1 

Whales, 297-305, 417, 296-2, 302-1, 302-2 

Whaling, 304-5 

WTiippoorwill, 212 

White shark, 52 

WoU. 248. 416 
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Wolserinr, 246-47 
Wombat, 235, 232-2 
Woodchuck, 290, 418 
Woodcocks, 210 
W'oodpcckcrs, 205, 214 
W Urm glaciation, 339 

Y 

Yak, 277 

Z 

Zaglottut, 232-1 
Zebras. 261. 417. S62-1 
Zeuglodonts, 303, £06-2 
Zeu*. 76 
Ztphiu*. 302-2 

Zoogeographic regions, IS, 14-17 
Zulus, 391, S02-2 
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